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1 INTRODUCTION 
 
1.1 Biological activity of sulfonic acids 
 
Sulfonic acid derivatives are important components in mammals and are involved in various 
and important physiological processes. 1  The best known are 2-aminoethanesulfonic acid 
(taurine, TA) and related compounds such as 3-aminopropane-sulfonic acid (homotaurine, 
HTA), 2-hydroxyethanesulfonic acid (isethionic acid, ISA), cysteic acid (CA), 
guanidoethanesulfonic acid (guanidotaurine, GES), for example which are intensively studied 
on their involvement in biological functions (Figure 1).   
 
HO3S
NH2
HO3S NH2 HO3S
OH
HO3S
NH2
COOH
HO3S
H
N NH2
NH
Taurine, TA
Homotaurine, HTA Isethionic acid, ISA
Cysteic acid, CA guanidotaurine, GES 
 
Figure 1. Taurine and related compounds. 
 
Taurine has been found in relatively high concentrations in the central nervous system (CNS) 
and brain, and also found in high concentration in muscles, and particularly in heart. The 
possible role of TA is that of an inhibitory transmitter or a CNS modulator. Homotaurine is a 
structural analogue of γ-aminobutyric acid (GABA), which is of great importance as a specific 
inhibitor of impulse transmission in the CNS,2 and it has been reported that homotaurine has 
more potent inhibitory effects than taurine.3  
However, in many cases the physiological roles of these sulfonic acid derivatives remained 
unclear. To get further insight into their mode of action a stereoselective access to these 
derivatives is desirable and compulsory for physiological tests. 
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Some sulfonic acids have been extracted from natural and show biological properties. For 
example, 6-gingesulfonic acid (1), which was isolated from ginger (Zingiberis rhizoma) and is 
used for the treatment of headache and stomachache (Figure 2).4 
 
CH3
O SO3H
H3CO
HO
6-Gingesulfonic acid (1)
*
 
 
Figure 2. 6-Gingesulfonic acid (1). 
 
Capon et al. have isolated echinosulfonic acid A, B and C (2-4), novel bromoindole sulfonic 
acids from the southern Australian marine sponge, Echinodictyum (Figure 3). 5 They show 
antibacterial activity.  
 
N N
H
RO SO3H
CO2Me
BrBr
Echinosulfonic acid A (2), R = Et
Echinosulfonic acid B (3), R = Me
Echinosulfonic acid C (4), R = H
 
 
Figure 3. Echinosulfonic acids A, B and C (2-4). 
 
Interestingly, some sulfonic acids have been synthesized and have been shown to posses 
pharmacological activities. Prager and co-workers have synthesized saclofen (5) and 
hydroxysaclofen (6) (Figure 4). Their racemates exhibited activity as specific antagonists for 
GABAB receptors. 6  Moreover, they have reported the synthesis of both enantiomers of 
hydroxysaclofen.7 Their biological tests of both enantiomers as antagonists of GABA at the 
GABAB receptor showed that (R)-(−)-hydroxysaclofen was completely inactive, while (S)-
(+)-hydroxysaclofen was a potent and specific antagonist with an activity 2 to 3 times that of 
the racemate. In the case of saclofen, the racemate has been resolved by the use of chiral 
analytical HPLC and only (R)-(−)-saclofen was shown to be active.8  
 
Introduction 
 3 
 
H2N SO3H
Cl
H2N SO3H
HO
Cl
(R)-Saclofen (5)  (S)-Hydroxysaclofen (6) 
 
Figure 4. Saclofen (5) and hydroxysaclofen (6) as potential GABAB receptor antagonists. 
 
Biller et al. have discovered that the α-phosphono sulfonic acids (α-PSAs) 7 and 9,9 and the 
orally bioavailable prodrug esters 8 and 10 (Figure 5), 10  are potent squalene synthase 
inhibitors, which have great potential as antihypercholesterolemic agents due to the strategic 
location of the enzyme at the first committed step in the cholesterol biosynthetic pathway. 
Furthermore, they have demonstrated the synthesis and biological evaluation of the α-PSA 9 
in optically pure form which reinforces the importance for further pharmaceutical 
developments.11  Enantiomer (S)-9 was 16-fold more potent than (R)-9 as an inhibitor of 
squalene synthase with IC50 values of 68 and 1120 nM, respectively. On intravenous dosing, 
(S)-9 had an ED50 of 0.16 mg/kg, while (R)-9 was inactive at 1 mg/kg. 
 
P
OR1
OR1O
SO3R2
O P
OR1
OR1
O
SO3R2
7, R1 = R2 = K+
8, R1 = t-BuCO2CH2, R2 = K+
9, R1 = R2 = K+
10, R1 = t-BuCO2CH2, R2 = K+ 
 
Figure 5. α-Phosphono sulfonates as squalene synthase inhibitors. 
 
Recently, Gwaltney II and co-workers have reported the synthesis and biological evaluation of 
novel sulfonate analogues of combretastatin A-4 (Figure 6),12 and of E-7010 (figure 7),13 as 
potent antimitotic agents. They have found that many of these compounds are potent in vitro 
inhibitors of the proliferation of two cancer cell lines. These compounds inhibit the 
polymerization of tubulin and compete effectively for the colchicine binding site on tubulin. 
Among the different sulfonate analogues of combretastatin A-4, compound 11 proved to be 
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the best antimitotic agent, inhibiting tubulin polymerization with an IC50 similar to that of 
CA-4 and competing more effectively than CA-4 for the colchicine binding site. Several of 
the sulfonate analogues of E-7010 such as 12 and 13 are antimitotic agents with potency 
comparable to that of E-7010.  
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Figure 6. Combretastatin A-4 (CA-4) and sulfonate analog 11 as potent antimitotic agents. 
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Figure 7. E-7010 and sulfonate analogues 12, 13 as potent antimitotic agents. 
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Figure 8. The (bis)sulfonic acids 14-16 as follicle-stimulating hormone (FSH) antagonists. 
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The (bis)sulfonic acids 14-16 (Figure 8) were identified from high throughput screening 
efforts as follicle-stimulating hormone (FSH) antagonists potentially useful for contraception 
by Wroble et al. 14  Furthermore, they have described the synthesis and structure-activity 
relationship (SAR) studies of this class of compounds which revealed that two phenylsulfonic 
acid moieties were necessary for activity and that the carbon-carbon double bond of the 
stilbene sub-series was the optimum spacer connecting these groups. 
 
1.2 Asymmetric synthesis of sulfonic acids  
 
The majority of approaches used in the synthesis of sulfonic acid derivatives can be divided 
into three general groups:  
- asymmetric induction by using a chiral auxiliary 
- asymmetric induction by using a chiral catalysts 
- synthesis starting from chiral substrates 
 
1.2.1 Asymmetric induction by using a chiral auxiliary 
The reactivity of carbanions stabilized by sulfur-containing functional groups such as sulfinyl, 
sulfonyl, and sulfonimidoyl groups is one of the most useful and widely recognized tools for 
carbon-carbon bond formation. 15  However, the literature concerning the chemistry of α-
sulfonyl carbanions derived from alkanesulfonates16 is relatively scarce comparing to the 
number of theoretical studies dedicated to α-sulfonyl carbanions derived from sulfones.17 
Therefore, only a few stereoselective methods are known for the synthesis of optically active 
α-substituted sulfonic acid derivatives. 
In 1983, Zwanenburg and Nkunya reported asymmetric syntheses of α,β-epoxysulfonates via 
Darzens reaction of aldehydes and symmetrical ketones with the chiral reagent L-menthyl 
chloromethanesulfonate. 18  Under phase-transfer conditions (PTC) in the presence of 
triethylbenzylammonium chloride (TEBA) as catalyst, the trans-epoxysulfonates 17 were 
obtained in moderate to good yields, but with very poor diastereomeric excesses of 9-17% 
(Scheme 1). 
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R1 R2
O
CH3
CH3H3C
ClCH2SO3
CH3
CH3H3C
SO3
O H
R2
R1
PTC, 10-20 °C
48-91%
R1 = R2 or 
R2 = H        17 
de = 9-17%  
 
Scheme 1. Asymmetric synthesis of α,β-epoxysulfonates via Darzens reaction. 
 
Biller and co-workers have reported an enantioselective synthesis of the α-phosphono 
sulfonate 9 as inhibitor of squalene synthase (cf Figure 5).11 The chiral α-phosphono sulfonate 
18 derived from trans-1,2-cyclohexanediamine was alkylated with 3-(3′-
phenoxyphenyl)propyl iodide providing the corresponding α-phosphono sulfonate 19 as a 
>20:1 mixture of diastereomers by 31P NMR. After removal of the chiral auxiliary, the α-
phosphono sulfonate 9 was obtained in moderate overall yield with very high enantiomeric 
excess (Scheme 2). 
 
O P
OK
OKO
N
P
N
CH3
CH3
O
S
Bu4N O
O O
N
P
N
CH3
CH3
O
Bu4N O3S
O
OI
1. CH3SO3Et/n-BuLi/THF 
    -78°C to rt, 85%
2. Bu4NI/THF, 100%
1. n-BuLi/THF, −90 °C
2. 
    −90 to −78 °C
1. aq HCl
2. AG-50x8 (K+ form)
       57% 
( 3 steps)
ee = 92% (HPLC)
(S)-9
18
(S):(R) > 20:1 (NMR)
19
N
P
N
H3C
H3C
Cl
O
SO3K
 
 
Scheme 2. α-Alkylation of the chiral α-phosphono sulfonate 18 in the asymmetric synthesis of 
the α-phosphono sulfonate 9. 
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The first highly efficient asymmetric α-alkylation of sulfonates bearing 1,2:5,6-di-O-
isopropylidene-α-D-allofuranose as a chiral auxiliary has been recently reported by Enders et 
al.19 The α-alkylation of the sulfonates 20 with alkyl halides gave the sulfonates 21 in high 
yields and high diastereomeric excesses of 83-93%. Importantly, the diastereomerically pure 
sulfonates could be obtained by recrystallization in all cases.  Racemization-free cleavage of 
the chiral auxiliary and subsequent treatment with diazomethane afforded the corresponding 
methyl sulfonates 22 in very good yields and as virtually pure stereoisomers (Scheme 3).  
 
R1
S
OR*
OO
R
R1
S
OR*
OO
O
O
O
O
O CH3
CH3
H3C
H3C
R1
S
OMe
OO
R
R1
S
OH
OO
R
de = 89-93% (≥ 98% after recrystallization)
R* =
1. n-BuLi/THF, −95 °C, 1 h
2. RX,  −95 °C, 1 h 
    then  −78 °C, 15 h
Pd(OAc)2 (15 mol%)
EtOH/H2O, reflux, 4 d
CH2N2/Et2O94-98% 86-98%
(two steps)
R = methyl, allyl, benzyl, (2-naphthyl)methyl
ee ≥ 98%R1 = H, t-Bu
(R)-22
(R)-21
20
 
 
Scheme 3. Asymmetric synthesis of the α-alkylated sulfonates 22. 
 
Consequently, this methodology has been extended to the asymmetric Michael addition using 
nitroalkenes as acceptors providing the α,β-disubstituted γ-nitro sulfonates 23 in moderate to 
good overall yields and excellent diastereo- and enantiomeric excesses (Figure 9).20  The γ-
nitro sulfonates are precursors of pharmacologically interesting homotaurine derivatives. 
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SO3Me
R2
NO2
R1
de = 68 - 98% (93 - ≥ 98% after HPLC or recrystallization)
ee = 96 - ≥ 98%
R1 = H, t-Bu
R2 = Et, n-Pr, i-Pr, Ph (CH2)2
23
 
 
Figure 9. The γ-nitro sulfonates 23. 
 
Furthermore, Enders et al. have described an efficient asymmetric synthesis of β-amino 
sulfonates via aza-Michael addition (Scheme 4).21  
 
R
S
O
O ONH
*R2N
R
S
O
O O
N
NH2
OCH3
SAMP  RAMBO
N
NH2
OCH3
R
S
O
O OCbzHN
R
S
O
O OH2N
BH3 THF
reflux, 5 h
CbzCl/Na2CO3,
CH2Cl2-H2O(4:1)
reflux, 1-3 d
* *
*
SAMP or RAMBO
ZnBr2 (0.2 equiv)/MeOH
rt, 7-14 d
R = Me, Et, n-Pr, i-Pr, Ph(CH2)2
43-68%
(2 steps)
 de = 44-90% (≥ 96% after HPLC)
ee ≥ 96%
27
25
24
41-85%
26
 
 
Scheme 4. Asymmetric synthesis of β-amino sulfonates via aza-Michael addition . 
 
The methodology is based on the Lewis acid catalyzed aza-Michael addition of the 
enantiopure hydrazines SAMP or RAMBO to α,β-unsaturated sulfonates 24 leading to β-
hydrazino sulfonates 25 in moderate to good yields as well as diastereomeric excesses. The 
diastereomerically pure sulfonates 25 could be obtained by preparative HPLC. Reductive N-N 
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bond cleavage and subsequent protection of the resulting amines 26 with CbzCl furnished the 
N-Cbz-protected β-amino sulfonates 27 in moderate to good overall yields and high 
enantiomeric excesses. 
 
1.2.2 Asymmetric induction by using chiral catalysts 
In 1992, an approach to optically active benzylic sulfonic acids via a catalytic asymmetric 
reduction of achiral ketones to chiral secondary alcohols was demonstrated by Corey and 
Cimprich.22 The alcohol (R)-29 was obtained in excellent yield with very high enantiomeric 
purity with a catalytic amount of the oxazaborolidine 28 and a stoichiometric quantity of 
BH3·THF complex. Conversion of the alcohol (R)-29 into the thioacetate (S)-30 under 
Mitsunobu conditions proceeded with clean inversion of configuration. The subsequent 
oxidation with 30% hydrogen peroxide yielded the sulfonic acid (S)-31 in 95% ee.  
 
CH3
O
CH3
HO H
N B
O
Bu
Ph PhH
CH3
H SO3H
CH3
H SCOCH3
BH3 THF, 23 °C
PPh3, i-PrO2CN=NCO2i-Pr,
CH3COSH, THF
(10 mol%)
30% H2O2/AcOH
60 °C, 2 h
99%
91%
72%
ee = 96% ee = 96%
ee = 95%
28
(R)-29 (S)-30
(S)-31
 
 
Scheme 5. Asymmetric synthesis of the benzylic sulfonic acid (S)-31. 
 
Prager and co-workers have described the asymmetric synthesis of (S)-hydroxysclofen (6) as a 
specific GABAB antagonist (cf Figure 4).7 Sharpless epoxidation of the allylic alcohol 32 with 
diethyl D-(−)-tartrate gave epoxy alcohol (R)-33 in 86% ee, whose enantiomeric purity could 
be increased to ≥ 98% by recrystallization of the nitrobenzoate derivative. Ring-opening of 
the epoxide with sodium azide gave the azidodiol 34. The diol was converted to the tosylate, 
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which readily formed epoxide 35 on reaction with KOt-Bu. The amino epoxide 36, derived 
from azido epoxide 35 by hydrogenation, was then converted to (S)-hydroxysclofen (6) by 
reaction with sodium hydrogen sulfite.  
 
Cl
OH
Cl
OH
NH2
SO3H
Cl
OH
O
Cl
O
NH2
Cl
O
N3
Cl
OH
OH
N3
1. D-(-)-DET, Ti(Oi-Pr)4,
    t-BuOOH, CH2Cl2, −20 °C,
    (67% yield, 86% ee)
2. i) 4-NO2C6H4COCl, NEt3
       CH2Cl2, 20 °C,
       (94% yield, >98% ee)
   ii) K2CO3, MeOH, 20 °C, 93%
NaN3, NH4Cl,
MeOH/H2O, 70°C
93%
1.TsCl, Py, 20°C, 84%
2. KOt-Bu, THF/t-BuOH,
    20°C, 92%
H2, PtO2, EtOH94%
NaHSO3,
EtOH/H2O
100°C
51%
32
(R)-33
3534
36
(S)-6
 
 
Scheme 6. Asymmetric synthesis of (S)-hydroxysclofen (6). 
 
The enantiomer (R)-6 could be synthesized from the epoxy alcohol (S)-33 obtained by using 
diethyl L-(+)-tartrate in the Sharpless procedure. Each subsequent step proceeded in almost 
identical yield and with identical enantioselectivity to those depicted in Scheme 6, leading to 
the formation of (R)-hydroxysclofen (6). 
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In 1999, Noyori et al. reported the asymmetric synthesis of β-hydroxy sulfonates by 
BINAP/Ru-catalyzed hydrogenation of the corresponding β-keto sulfonates.23 The sodium β-
keto sulfonates could be hydrogenated in the presence of the BINAP/Ru complex (R)-37 as 
catalyst under atmospheric pressure of hydrogen to give the corresponding β-hydroxy 
sulfonates (R)-38 with up to 97% ee in quantitative yields (Scheme 7). 
 
R
SO3Na
O
PPh2
PPh2
RuCl2(dmf)n
R
SO3Na
OH
H2 (1 atm)
HCl/MeOH, 50 °C
chiral catalyst:
(R)-37
(R)-38R = aryl, alkyl
 
 
Scheme 7. Asymmetric synthesis of β-hydroxy sulfonates (R)-38 by BINAP/Ru-catalyzed 
hydrogenation 
 
1.2.3 Synthesis starting from chiral substrates 
In 1990, Ghosez et al. reported the synthesis of α,β-epoxysulfonic acid by epoxidation of the 
corresponding α,β-unsaturated sulfonates derived from the chiral D-alaninal derivative 39.24 
The (E)-sulfonate 40 could be prepared in high yield with high selectivity by Horner-
Wadsworth-Emmons reaction of the chiral aldehyde 39. The α,β-unsaturated sulfonate 40 was 
readily epoxidized with t-BuOOH in the presence of Triton B,25 followed by hydrolysis of the 
ethyl ester and cleavage of the Boc-protecting group to afford the α,β-epoxysulfonic acid 41 
as a 4:1 mixture of diastereomers (Scheme 8). 
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SO3Et
Me
H
BocHN
Me
NHBocH
CHO Me
O
SO3
H3N
Me
O
SO3
H3N
1. t-BuOOH/Triton B
    THF, 20 °C, 2 h
2. n-Bu4N+HSO4−/LiOH
    CH2Cl2/H2O, 20 °C
   (68% over two steps)
3. CF3COOH/PhSH
    CH2Cl2, 20 °C, 66%
40
41 (4:1)39
1. (EtO)2P(O)CH2SO3Et
    NaH, THF, 0 °C
2. −40 °C to 20 °C, 3 h
92%
(E):(Z) = 96:4  
 
Scheme 8. Asymmetric synthesis of the α,β-epoxysulfonic acid 41. 
 
There have been a few reports on the synthesis of optically active taurine derivatives starting 
from either enantiopure α-amino acids or enantiopure amino alcohols. Ienaga and co-workers 
have reported the synthesis of optically active 2-substituted taurines from enantiopure α-
amino acids. They first described the synthesis by substitution with sodium sulfite.26 In a 
subsequent report they applied performic acid as an oxidizing reagent for the conversion of 
the acetylthio group into a sulfonic acid group as a key reaction to gain access to 2-substituted 
taurines (Scheme 9).27  
Firstly, the enantiopure protected α-amino acids 38 were reduced with LiBH4 to give the 
alcohol 39. Conversion of 39 to the acetylthio derivatives 40 was performed by two routes, 
either directly by using a Mitsunobu reaction or indirectly by using a substitution reaction via 
the corresponding mesylate. Subsequent oxidation and deprotection of the acetylthio 
derivatives 40 gave the desired 2-substituted taurines 41 in good to very good yields. The last 
two steps were accomplished in a one-pot procedure by treatment with perfomic acid followed 
by a workup with Pd/C. This did not only lead to a decomposition of the oxidant but also 
induced the catalytic hydrogenation with formic acid to cleave the Cbz group.  
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PGHN
OH
R
PGHN
OMe
O
R
PGHN
OMs
R
H3N
SO3
R´
PGHN
R
S CH3
O
LiBH4/EtOH
80-95%
MsCl/Et3N
    CH2Cl2
DEAD, Ph3P,
AcSH, THF
1. 30%H2O2/98%HCOOH (1:10)
2. 10% Pd/C
AcSK/DMF
80-95%
73-96%
38
PG = Cbz, Boc
41
quant.
39 40
 
 
Scheme 9. Synthesis of the optically active β-substituted taurines 41 from enantiopure 
protected α-amino acids. 
 
Enantiopure 2-aminoalkanesulfonic acids could be prepared effectively from both enantiopure 
primary β-amino alcohols and enantiopure secondary β-amino alcohols by the substitution 
with sodium sulfite.23, 25-28 Enantiopure primary β-amino alcohols produced enantiopure 2-
aminoalkanesulfonic acids with the same configuration (Scheme 10).26, 28, 29 
 
R
OH
NHBoc
(R)
(S)
R
OMs
NH2.HCl Na2SO3
(R)
(S)
R
SO3
NH3
R = alkyl, Bn
* *
1. MsCl
2. HCl
*
 
 
Scheme 10. Synthesis of enantiopure β-substituted taurines from enantiopure primary β-
amino alcohols. 
 
However, inversion of the configuration and rearrangement occurred when enantiopure 
secondary β-amino alcohols were used in the synthesis of enantiopure 2-aminoalkanesulfonic 
acids (Scheme 11).30, 31  
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Me
NH2
OH
(R)
(S)
Me
NH2.HCl
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(R)
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SO3
NH3
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1. (Boc)2O
2. MsCl
3. HCl
*
 
 
Scheme 11. Synthesis of enantiopure β-substituted taurines from enantiopure secondary β-
amino alcohols. 
 
Recently, the mechanism for the transformation of β-amino alcohol methanesulfonate 
hydrochlorides into β-aminoalkanesulfonic acids using sodium sulfite has been investigated 
by Xu. 32  The results showed that sodium sulfite neutralizes the β-amino alcohol 
methanesulfonate hydrochloride resulting in sodium bisulfite and the free β-amino alcohol 
methanesulfonate, which undergoes a sequence involving neighboring-group assisted 
cyclization to a 2-alkyl aziridine. The generated sodium bisulfite then attacks the aziridine at 
the less hindered carbon atom to yield β-aminoalkanesulfonic acids (Scheme 12). 
 
Me
NH2.HCl
OMs Na2SO3
NaHSO3
Na2SO3
Me
NH2
OMs
(R)
(S)
Me
NH
(S)
(R)
Me
SO3
NH3
HSO3
*
* *
*
 
 
Scheme 12. Mechanism for the transformation of β-amino alcohol methanesulfonate 
hydrochlorides into β-aminoalkanesulfonic acids using sodium sulfite. 
 
Based on this mechanism, Xu has developed a new and short asymmetric synthesis of 
enantiopure 2-aminoalkanesulfonic acids from enantiopure amino alcohols via the formation 
of aziridines (Scheme 13).32 The enantiopure primary β-amino alcohol 41 were converted to 
the enantiopure aziridines 42 through the Wenker method or the Mitsunobu reaction. 
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Subsequent treatment with sodium bisulfite furnished the enantiopure β-aminoalkanesulfonic 
acids 43 in very good yields with the same absolute configurations as the corresponding 
primary β-amino alcohols 41. 
 
R
OH
NH2
(R)-41
(S)-41
(R)-42
(S)-42
R
NH NaHSO3
(R)-43
(S)-43
R
SO3
NH3
* *
1. H2SO4, 2. KOH
or DEAD, Ph3P
71-88% 87-96%
R = Me, CHMe2, Ph, CH2Ph
*
 
 
Scheme 13. Synthesis of the enantiopure 2-aminoalkanesulfonic acids 43 from the 
enantiopure amino alcohols 41 via formation of the aziridines 42. 
 
1.3 Sultones in organic chemistry 
 
Sultones are heterocyclic compounds and are internal esters of the corresponding hydroxy 
sulfonic acids. As internal esters, they are sulfur analogues of lactones. Some representative 
structures of sultones are depicted in Figure 9. The term “sultone” was first introduced by 
Erdmann in 1888 to describe one of the simplest aromatic sultones, 1,8-naphthosultone (44).33 
Various systems of nomenclature are in use in Chemical Abstracts and in the literature.34 The 
aliphatic sultone 45 can be named as 3-hydroxy-1-propanesulfonic acid sultone, propane-1,3-
sultone, or more simply as propane γ-sultone. 
 
O
S
O O
44
O S
O
O
45
1
2 3
α
β γ
 
 
Figure 9. Some representative structures of sultones. 
 
Sultones are synthetically useful heterocycles which can react with a variety of compounds to 
introduce the alkylsulfonic acid function, and are therefore used as sulfoalkylating agents.35 
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Propane-1,3-sultone (45) is an extremely reactive sulfoalkylating agent and there are many 
patents covering its use to modify surface properties of a variety of substrates containing 
nucleophilic funtionalities. Several reports have been devoted to the ring-opening reaction of 
γ-sultones with various nucleophiles cleaving the carbon-oxygen bond as summarized in 
Scheme 14.36 
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Scheme 14. Ring-opening of propane γ-sultone with various nucleophiles. 
 
There have been several new developments for the synthesis of sultones which have also been 
applied to the total synthesis of natural products. The syntheses and applications of sultones 
can be divided into three different groups:  
- novel syntheses and reactions of α,β-unsaturated γ-sultones 
- diastereoselective syntheses of saturated aliphatic sultones 
- synthetic applications of sultones 
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1.3.1 Novel syntheses and reactions of α,β-unsaturated γ-sultones 
Several novel synthetic routes to the synthesis of α,β-unsaturated γ-sultones and their 
application in cycloaddition reactions have been reported.37-40  
Zwanenburg and co-workers reported the synthesis of 1-alkene-1,3-sultones from 2,3-
epoxysulfonyl chlorides.38 The epoxysulfonyl chlorides 47 were prepared in good yields by 
epoxidation at the β,γ-olefinic bond of the alkenesulfonyl chlorides 46 with methyl 
trifluoromethyl dioxirane. Treatment of the epoxysulfonyl chlorides 47 with triethylamine in 
ether furnished the desired 1-alkene-1,3-sultones 49 in moderate yields. The resulting γ-
sultone was presumably formed through a ring expansion of the epoxy sulfene  intermediate 
48 (Scheme 15). 
 
R SO2Cl
R SO2Cl
O
O
O
H3C
F3C
O
SO2R
R SO2
O
R = H, Me
CH2Cl2, 0 °C, 6 h
85-88%
Et3N, Et2O
rt, 2 h
48-53%
46
47 48
49
 
 
Scheme 15. Synthesis of 1-alkene-1,3-sultones 49 by Zwanenburg et al. 
 
Moreover, unsaturated sultones with normal, medium and large ring sizes could be efficiently 
synthesized by ring-closing metathesis with ruthenium catalyst 50 (Scheme 16).39  
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Scheme 16. Synthesis of unsaturated sultones by ring-closing metathesis. 
 
There have been several reports on the synthetic applications of 1-alkene-1,3-sultone in the 
cycloaddition reactions. Chan and co-workers have investigated the use of 1-alkene-1,3-
sultone (51) in Diels-Alder reactions with a varity of dienes including both cyclic and acyclic 
dienes, providing the corresponding cycloadducts in good yields and excellent endo-
selectivity. 40  Moreover, they have recently demonstrated highly regioselective and 
stereoselective 1,3-dipolar cycloaddition reactions of  1-alkene-1,3-sultone (51) with nitrile 
oxides and nitrones (Scheme 17).41  
R1 N O
O
S
O O
C6H5H2C N
O
R2
H
S
O
OO
O
N
H
HR1
S
O
OO
O
C6H5CH2N
H
HH R2
51
52
53
toluene, rt, 10-24 h
toluene, reflux, 24 h
60-83%
62-86%
54
55R1, R2 = alkyl, aryl  
 
Scheme 17. 1,3-dipolar cycloaddition reactions of propene sultone (51) with the nitrile oxides 
52 and the nitrones 53. 
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The labile nitrile oxides 52 were generated in situ and were allowed to react with propene 
sultone (51) in toluene at room temperature to give the isoxazolines 54 in good yields and as 
only one regioisomer. The 1,3-dipolar cycloaddition reactions of propene sultone (51) with 
the nitrones 53 in refluxing toluene provided the isoxazolidines 55 in very good yields with 
excellent stereo- and regioselectivity. Furthermore, they demonstrated the synthetic utility of 
the cycloadducts by transformation to chiral sultams which were used as chiral auxiliaries in 
asymmetric Diels-Alder reactions.41, 42 
1,3-Dipolar cycloaddition reactions of propene sultone (51) with a variety of nitrones 
affording the corresponding isoxazolidines in good yields and excellent regio- and 
stereoselectivity has also been reported by Liu et al.43   
Camarasa and co-workers have described the synthesis of novel adamantane spiro sultones 
which were evaluated as antivirals.44  Treatment of 2-adamantanone with sodium cyanide 
followed by mesylation of the resulting cyanohydrin with mesyl chloride provided the           
α-mesyloxynitrile 56 which underwent intramolecular cyclization to give the adamantane 
spiro sultones 57 upon treatment with base. Subsequent hydrolysis of the spiroadamantane 57 
led to the corresponding β-keto γ-sultone 58 in good yield (Scheme 18).    
 
O
OSO2CH3
CN
O
SO2
H2N
O
SO2
O
58
1. NaCN, NaHCO3
    Et2O-H2O
2. MsCl, pyridine
53%
DBU/CH3CN
85%
0.1N HCl/MeOH77%
56 57  
 
Scheme 18. Synthesis of the adamantane spiro sultones 57 and 58.  
 
The first efficient application of the Stille coupling reaction on iodo 3′-spiro sultone 
nucleosides has been recently reported by Velázquez et al.45 The iodo precursor 60 was 
prepared in excellent yield from the reaction of the TSAO derivative 59 with elemental iodine 
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and ceric ammonium nitrate (CAN) in the presence of triethylamine. Pd-catalyzed cross 
coupling reactions of 60 with different stannanes were accomplished by the addition of 
copper(I) iodide as co-catalyst and AsPh3 as ligand, providing the desired sultones 61 in 
moderate to very good yields (Scheme 19).  
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Scheme 19. Synthesis of 3′′-substituted TSAO derivatives 61 via Stille coupling reaction of 
the iodo sultone 60.  
 
This methodology provided an efficient and straightforward route for the synthesis of 3′′-
substituted TSAO derivatives bearing differently substituted alkenyl, allyl, aromatic, and 
heteroaromatic groups which were evaluated for inhibitory effects on HIV-1 and HIV-2 
activities.46 
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1.3.2 Diastereoselective syntheses of saturated aliphatic sultones  
Only a few diastereoselective syntheses of γ-sultones have been reported in the literature.      
In 1970, Durst and Tin reported the synthesis of both the cis- and trans-fused bicyclic sultones 
62 from cis-cyclooctene. Upon metallation with n-BuLi the mesylate of trans-2-
bromocyclooctanol and the dimesylated of cis-1,2-cyclooctandiol underwent intramolecular 
cyclization to give the bicyclicsultones cis-62 and trans-62, respectively (Scheme 20).47  
In the same manner some carbohydrate-derived sultones48 and nucleoside sultones49 have 
been synthesized from mixed sulfonate precursors. 
 
MCPBA
KMnO4
O
H
H
OH
OH
Br
OSO2CH3
OSO2CH3
OSO2CH3
n-BuLi/THF
n-BuLi/THF
O
SO2
H
H
O
SO2
H
H
1. HBr
2. CH3SO2Cl,
    NEt3
64%
48%
 CH3SO2Cl,
 NEt3
cis-62
trans-62  
Scheme 20. Synthesis of  the cis- and trans-fused bicyclic sultones 62. 
 
Tamaru and Nagao have described palladium-catalyzed [2,3]-sigmatropic rearrangements of 
acyclic and cyclic allyl sulfites leading to allyl sulfonates and 1-vinyl-substituted sultones, 
respectively. 50  The rearrangement of cis and trans mixtures of cyclic allyl sulfites 63 
selectively provided trans-α,β-disubstituted γ-sultones 64 (Scheme 21). 
 
(dba)3Pd2C6H6, (EtO)3P
dioxane, 60 °C
49-96%
O
S
O
O
R1
63
R3
O
S
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R1
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R2, R3 = H, Me
R2
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Scheme 21. Palladium-catalyzed rearrangement of the cyclic allyl sulfites 63 to give the 
trans-γ-sultones 64. 
Introduction 
 22 
 
A few years later, the rearrangement of cyclic allyl sulfites to allylic γ-sultones upon treatment 
with boron trifluoride etherate was reported by Wang et al.51 The reaction probably proceeds 
via a carbonium ion intermediate. 
Yamamoto et al. have reported an intramolecular Michael reaction of the γ-alkylsulfonyloxy-
α,β-unsaturated esters 65 by using higher order cyano copper or silver amides as bases 
providing the γ-sultones 66 stereoselectively and in good to high yields (Scheme 22).52 
 
R1 CO2R2
OSO2CH2R3
S
O
R1 CO2R2
O O
R3
2LDA-CuCN(or AgCN)
THF, −78 °C
65 66  
 
Scheme 22. Synthesis of the γ-sultones 66 via an intramolecular Michael reaction. 
 
Recently, Morimoto and co-workers have reported the unusual formation of γ-sultones along 
with 2,4,6-trimethylpyridine from the reaction of 2,4,6-trimethylpyridine N-oxide with 
benzylsulfonyl chloride and Et3N in the presence of olefins (Scheme 23).53 They proposed 
that the formation of the γ-sultones 68 proceeds via the generation and/or intermediacy of the 
α-sultone 67 as a new reactive species for the first time in organic chemistry. 
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Scheme 23. Unusual formation of the γ-sultones 68.  
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Metz and co-workers have studied intramolecular Diels-Alder reaction of vinylsulfonates in 
the preparation of δ-sultones as shown in Scheme 24. The intramolecular cycloaddition of the 
vinylsulfonates derived from the hydroxyalkylfurans 69 led to the exo adducts 70 featuring an 
equatorial alkyl group on a chair δ-sultone as the only stereoisomer.54 The vinylsulfonates 71 
possessing an acyclic moiety underwent intramolecular cycloaddition with a highly selective 
formation of the sultones 72 and 73 out of four possible product diastereomers. 55  The 
diastereoselectivity is substantially enhanced to the formation of the exo adduct 72 when the 
diene substituent R2 is larger than hydrogen. More recently, they have investigated the 
application of high pressure to accelerate the intramolecular Diels-Alder reaction of 
vinylsulfonates and vinylsulfonamides to give the corresponding δ-sultones and   δ-sultams in 
significantly higher yields comparing to those obtained in refluxing toluene at ambient 
pressure.56 
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Scheme 24. Intramolecular Diels-Alder reaction of vinylsulfonates by Metz et al. 
 
1.3.3 Synthetic application of sultones 
Over the past several years, sultones have emerged as valuable heterocyclic intermediates that 
offer novel possibilities for stereoselective tranformations. There have been several new 
developments for the synthesis of sultones which have also been applied in the total synthesis 
of natural products. 
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In 1983, Wolinsky and Solas reported the use of the camphenesultone 74 derived from d-10-
camphorsulfonic acid57 as the starting material for the total synthesis of β-santalol (77).58 
Alkylation of the sultone 74 with the tetrahydropyranyl ether of 2-bromoethanol followed by 
ring-opening of the resulting sultone 75 with phenyllithium and desulfurization with sodium 
amalgam furnished the desired monoprotected diol 76 which was elaborated to the target β-
santalol (77) in a straightforward fashion (Scheme 25). 
 
O
SO3H
O
SO2
OTHP
O
SO2
Br
OTHP
OH
OH
OTHP
5 steps
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2. 6% Na/Hg, EtOH-HMPA
    0 °C, 40 min, 82%
70%
74
75 76
77
54%
 
 
Scheme 25. Total synthesis of β-santalol (77) from the camphenesultone 74. 
 
Several novel methods for the desulfurization of δ-sultones have been developed by Metz et 
al.59 They showed that a desulfurization of δ-sultones can result in either the corresponding 
hydroxy ketones or homoallylic alcohols as depicted in Scheme 26.60, 61 
An efficient oxidative desulfurization of sultone 78 to hydroxy ketone 79 was accomplished 
by borylation of the α-lithiated sultones with 2-methoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborane and subsequent oxidation of the resulting boronates using m-chloroperbenzoic 
acid. 60  A desulfurization of sultone 78 with simultaneous methylenation affording the 
bishomoallylic alcohol 80 was achieved by alkylation with (iodomethyl)trimethylsilane 
followed by a fluoride-induced elimination of the resulting silanes using tetra-n-
butylammonium fluoride.61 
 
Introduction 
 25 
 
B
MeMe
MeMe
MeO
O
S
i-Pr
O
O
I SiMe3
O
S
i-Pr
O
O
B
O O
Me
Me
Me
Me
O
S
i-Pr
O
O
SiMe3
i-Pr OH
i-Pr OH
O
1. n-BuLi, THF, −78 °C
2.
−50 °C
3. MCPBA, Na2CO3
    THF, ether, 0 °C
78
79
60%
80
1. n-BuLi, THF, −78 °C
2.
   THF, −78 °C to 25 °C n-Bu4NF,THFreflux
53%78%
 
 
Scheme 26. Desulfurization of the sultone 78 to give either the hydroxy ketone 79 or the 
bishomoallylic alcohol 80. 
 
Due to the presence of a heteroatom at the β-position of sulfonyl group, the sultones 81 
derived from furan 1,3-dienes, offer special options for further synthetic elaborations as 
summarized in Scheme 27. 
Treatment of sultone 81a with strong bases such as methyllithium caused a cleavage of the 
oxygen bridge to give the dienol 82 in high yield, although a subsequent dehydration would 
produce a benzene derivative.62 Likewise, deprotonation of the saturated analog of 81a with n-
butyllithium followed by desulfurization with lithium/ammonia produced the cyclohexene 83 
with excellent regioselectivity of the olefin formation. 
A tandem elimination/alkoxide-directed 1,6-addition leading to the alkylated products 84 was 
accomplished by treatment of sultone 81a with two equivalents of an alkyllithium reagent.63 
The first equivalent of R3Li deprotonates 81a with concomitant ring-opening to a lithium 
alkoxide at −78 °C. This electron deficient diene in turn serves as an extended conjugate 
acceptor toward the second equivalent R3Li. Trapping of the allyllithium species with methyl 
iodide in stead of aqueous workup led to the formation of a second C-C bond in a one-pot 
procedure.  
Furthermore, novel one-pot procedures for the rapid synthetic elaboration of sultones with 
concomitant desulfurization to give stereodefined, highly substituted methylene cyclohexenes 
have been recently developed.64 Upon treatment of the sultones 81b,c with 2 equiv. of an 
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organolithuim reagent, and subsequent alkylation of the resultant allyllithium intermediates 
with (iodomethyl)magnesium chloride, the highly substituted sulfur-free methylidene 
cyclohexenes 85 were obtained in good yields as single diastereomers. 
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Scheme 27. Synthetic application of the sultones 81 by Metz et al. 
 
Using the sultone chemistry described above, they have succeeded in developing a short and 
highly stereoselective synthesis of the 1,10-seco-eudesmanolide ivangulin (86) starting from 
2-acetylfuran by means of an intramolecular Diels-Alder reaction of a furan-derived 
vinylsulfonate, a radical cyclization onto a dienylsultone, and a reductive cleavage of a 
sultone as key steps (Scheme 28).65 This sultone route features excellent control of the relative 
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configuration of the stereogenic center located on the side chain and requires only 15 steps 
(the previously published synthesis required twice as many steps).66 
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Scheme 28. Stereoselective synthesis of the ivangulin (86). 
 
Moreover, they have demonstrated application of the sultone route in the synthesis of methyl 
nonactate (91), the monomeric subunit of the mactrotetrolides 87, also known as actins or 
nactins isolated from various Streptomyces cultures (Figure 10).67 
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Figure 10. The macrotetrolides 87. 
 
Ozonolysis of the sultone 88 with eliminative workup using acetic anhydride and pyridine 
provided  the hemi-acetal 89 in good yield. A Lewis acid-catalyzed exchange of the hydroxy 
group in 89 against a phenylthio group in 90 set the stage for a chemoselective reductive 
cleavage of both C-S bonds in one operation by using Raney nickel leading to the desired 
methyl noactate (91) with high diastereoselectivity (Scheme 29).   
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Scheme 29. Synthesis of methyl nonactate (91) from the sultone 88. 
 
In a similar manner, the enantiomerically pure n-propyl homolog of 91 could be synthesized 
from the corresponding hydroxy substituted furan and served as an intermediate for the total 
synthesis of the macrodiolide antibiotic pamamycin-607 (92, Scheme 30).68 
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Scheme 30. Synthesis of the macrodiolide antibiotic pamamycin-607 (92). 
 
A further synthetic application employing a sultone as a key intermediate in an 
enantioselective synthesis of the unusual sesqiterpenoid alcohol (−)-myltaylenol has been 
described by Winterfeldt et al.69 Intramolecular Diels-Alder reaction of the vinyl sulfonate 93 
led to the δ-sultone 94 in excellent yield. Subsequent oxidative desulfurization by treatment 
the lithiated sultone 94 with molecular oxygen provided the desired hydroxy ketone 95 which 
was elaborated to the target (−)-myltaylenol (96) in a straightforward fashion (Scheme 31). 
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Due to the steric hindrance around the carbon α to the sulfonyl group in the lithiated 94, the 
original borylation/oxidation protocol reported by Metz et al.60 had to be replaced by an 
oxidative desulfurization with molecular oxygen.    
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Scheme 31. Enantioselective synthesis of (−)-myltaylenol (96) by Winterfeldt et al. 
 
1.4 Biological activity of sultones  
 
Most of the literature reports on biological activities of sultones are concerned with 
toxicological properties.70 Propane-1,3-sultone (45) has been found to be of extremely high 
carcinogenic potency which is expressed by experimental induction of tumors in rats even 
after a single dose.71  Tumors of the central nervous system, especially gliomas, were a 
predominant result of repeated experimental administration of propane-1,3-sultone, other 
localisations of malignancies in rats being the mammary gland (in females), the intestine, the 
haematopoietic system and the kidneys. 72  Propane-1,3-sultone is an extremely reactive 
sulfopropylating agent which is directly genotoxic and carcinogenic and does not require a  
metabolic activation. After spontaneous hydrolysis to γ-hydroxy-propanesulfonic acid, it is 
highly water-soluble and therefore easily excreted by the kidneys. 
The skin sensitization properties of sultones have been investigated. Attention focused on 
sultones in the mid-1970s, when the cause of a 1968 outbreak of contact dermatitis in 
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Scandinavia was traced to 2-chloro γ-sultones and α,β-unsaturated γ-sultones which had been 
formed as contaminants in a batch of ether sulfate which had been used to formulate 
dishwashing liquids.73  
The behavior of sultones in sensitisation tests is summarised in Figure 11. The extensive 
sensitisation studies of hex-1-ene- and hexane-1,3-sutones have recently reported by 
Lepoittevin et al.74 
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Figure 11.Sultones and their skin sensitisation properties.73 
 
However, in 1992 Camarasa and co-workers discovered a new class of specific human 
immunodeficiency virus type 1 (HIV-1) inhibitors, called TSAO derivatives containing a 
sultone moiety.75 The prototype compound of this family is the thymine derivative designed 
as TSAO-T (59a) and the most selective compound is its 3-N-methyl substituted derivative 
TSAO-m3T (59b, Figure 12). Furthermore, a series of TSAO derivatives have been 
synthesized and evaluated as anti-HIV-1 agents.76  
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a: R = H       (TSAO-T)
b: R = CH3   (TSAO-m3T)
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Figure 12. Structure of TSAO derivatives as anti-HIV-1 agents. 
 
1.5 Objectives 
 
The purpose of this study was to develop an efficient asymmetric route to pharmacologically 
interesting sulfonic acid derivatives. Based on an efficient asymmetric electrophilic α- 
substitution of sulfonates bearing 1,2:5,6-di-O-isopropylidene-α-D-allofuranose as a chiral 
auxiliary previously developed in our group, we aimed at extending this methodology to the 
asymmetric synthesis of γ-sultones.  The further study on the ring-opening reactions of these 
sultones with various nucleophiles would allow a straightforward access for the asymmetric 
synthesis of γ-functionalized sulfonates.     
On the other hand, this methodology had been extended to the asymmetric Michael addition 
using nitroalkenes as acceptors providing γ-nitro sulfonates which are precursors of 
pharmacologically interesting homotaurine derivatives. Based on these results, another aim 
was to gain access to homotaurine and sulfonic acid derivatives from these Michael adducts.  
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2 RESULTS AND DISCUSSION 
 
2.1 Asymmetic synthesis of α,γ-substituted γ-sultones 
 
Recently, we have developed highly efficient asymmetric α-alkylations of sulfonates by using 
1,2:5,6-di-O-isopropylidene-α-D-allofuranose as the chiral auxiliary. The α-alkylation of the 
sulfonates derived from 1,2:5,6-di-O-isopropylidene-α-D-allofuranose with alkyl halides gave 
rise to alkylated sulfonates in high yields and high diastereomeric excesses (cf Scheme 3). In 
all cases the diastereomerically pure alkylated sulfonates could be obtained by 
recrystallization (de ≥ 98%).  
In connection with our studies on developing a new and efficient asymmetric approach to 
sulfonic acid derivatives, we envisioned to apply this methodology to the enantioselective 
synthesis of α,γ-substituted γ-sultones by using allylic halides as electrophiles. After removal 
of the chiral auxiliary, the desired γ-sultones should be obtainable by an intramolecular 
cyclization via addition of the corresponding sulfonic acid to the olefinic moiety (Scheme 32).  
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Scheme 32. Synthetic approach to the asymmetric synthesis of α,γ-substituted γ-sultones. 
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2.1.1 Synthesis of allylated cyclohexyl sulfonates as starting materials for the 
preparation of racemic α,γ-substituted γ-sultones 
The cyclohexyl sulfonates 97, which were prepared according to the known procedure,77 
starting from the corresponding sulfonyl chroride and cyclohexanol, were lithiated with one 
equivalent of n-butyllithium in tetrahydrofuran at −(90-95) °C for 1 h and allowed to react 
with different allylic halides at this temperature. The reaction mixture was stirred at −78 °C 
and slowly warmed up to room temperature overnight (Scheme 33). The α-allylated 
cyclohexyl sulfonates 98 were obtained in good yields (Table 1). 
 
S
O
OO
R1
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2. 
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O
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97b (R1 = t-Bu) 98  
 
Scheme 33. Allylation of the cyclohexyl sulfonates 97. 
 
Table 1.   α-Allylation of the cyclohexyl sulfonates 97 affording the products 98a-f. 
98 R1 R2 R3 Yield (%) 
a H H H 82 
b t-Bu H H 82 
c H H CH3 70 
d t-Bu H CH3 73 
e H CH3 H 79 
f t-Bu CH3 H 91 
 
These allylated cyclohexyl sulfonates 98 were used as starting materials for the preparation of 
racemic α,γ-substituted γ-sultones. 
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2.1.2 Preparation of the chiral auxiliary   
1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (100) was used as the chiral auxiliary. It could 
be synthesized on a 30 g scale in two steps starting from the inexpensive 1,2:5,6-di-O-
isopropylidene-α-D-glucofuranose (99) according to a simple and improved epimerization 
procedure (Scheme 35).78  
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Scheme 34. Synthesis of the chiral auxiliary 100. 
 
Oxidation of 99 with DMSO/acetic anhydride at room temperature for 24 h provided the 
corresponding ketone, which was subsequently reduced with sodium borohydride in aqueous 
ethanol. After purification, the desired product 100 was obtained in 70% overall yield. 
 
2.1.3 Preparation of chiral sulfonates   
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Figure 13. The enantiopure sulfonates 101a-c 
 
The chiral substrates 101a-c (Figure13) were employed as starting materials for the synthesis 
of optically pure α,γ-substituted γ-sultones. They could be prepared on a multigram-scale in 
good yields by treatment of the chiral auxiliary 100 with the corresponding sulfonyl chlorides 
according to the known procedure with a slight modification (Scheme 35).77 Whereas 
benzylsulfonyl chloride is commercially available, (4-tert-butylphenyl)methylsulfonyl 
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chloride and (2-naphthyl)methylsulfonyl chloride had to be prepared according to reported 
methods, starting from the corresponding arylmethyl bromides. 79  (4-tert-Butylphenyl)- 
methylsulfonyl chloride obtained from the reaction of the corresponding sodium sulfonate 
with thionyl chloride was directly used for the esterification with the chiral auxiliary 100 
without further purification to give the chiral sulfonate 101b.  
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Scheme 35. Preparation of the chiral sulfonates 101. 
 
2.1.4 Allylation of the chiral sulfonates 
 
In the procedure reported previously,19 the allylation of the chiral sulfonate 101a with allyl 
iodide was carried out at −(90-95) °C for 1 h and then at −78 °C for 24 h affording the product 
102a in 93% yield with 90% diastereomeric excess (Scheme 36, Table 2, entry 1).  
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Scheme 36. Allylation of the chiral sulfonate 101a with allyl iodide. 
 
We found that if the reaction was performed at −(90-95) °C for 2 h, the diastereomerically 
pure sulfonate 102a was obtained but in only moderate yield (entry 2). However, the highest 
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yield along with high degree of diastereoselectivity of the product 102a was obtained when 
the reaction was performed at −(90-95) °C for 2 h and then at −78 °C for 15 h by decreasing 
the amount of THF to 10 mL per mmol of substrate (entry 3). These were used as standard 
conditions for the α-allylation of the chiral sulfonates 101a-c with different allylic halides. 
 
Table 2. Optimization of the condition for α-allytion of the chiral sulfonate 101a to give the 
product 102a. 
Entry 
Amount ratio of  
101a : THF 
T and reaction time 
Yield of 
102a (%)  
de (%)a 
1 1 mmol : THF 20 mL −(90-95) °C, 1 h then −78 °C, 24 h 93    90 
2 1 mmol : THF 20 mL −(90-95) °C, 2 h 42 ≥ 98 
3 1 mmol : THF 10 mL −(90-95) °C, 2 h then −78 °C, 15 h 98    94 
a Determined by 13C NMR. 
 
As depicted in Scheme 37, the enantiopure sulfonates 101 were lithiated with one equivalent 
of n-butyllithium in THF at −(90-95) °C and allowed to react with different allylic halides at 
this temperature for 2 h and then at −78 °C for 15 h. The α-allylated sulfonates 102a-g were 
obtained in good to excellent yields of 72−98% and high diastereomeric excesses of 82−95% 
(Table 1).  
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Scheme 37. Asymmetric α-allylation of the chiral sulfonates 101 to give the products 102a-g. 
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Table 3. Asymmetric α-allylation of the chiral sulfonates 101 to give the products (R)-102a-g. 
(R)-102 R1 R2 R3 Yield [%] de [%]a 
a phenyl  H H 98 94 (≥ 98) 
b 4-tert-butylphenyl H H 98 95 (≥ 98) 
c 2-naphthyl  H H 98 90 (≥ 98) 
d phenyl  H CH3 78 82 (≥ 98b) 
e 4-tert-butylphenyl H CH3 93 90 (≥ 98b) 
f phenyl CH3 H 72 88 (≥ 98) 
g 4-tert-butylphenyl CH3 H 80 90 (≥ 98) 
a Determined by 13C NMR, in brackets, after recrystallization and based on the ee-values of sultones. 
b Obtained as a 1:4 and 1:13 mixture of the enantiopure cis and trans sulfonates 102d and 102e, respectively. 
 
In all cases, diastereomerically pure α-allylated sulfonates could be obtained by 
recrystallization (de ≥ 98%). For 102d and 102e, recrystallization furnished a 1:4 and 1:13 
mixture of the enantiopure (Z)- and (E)-sulfonates, respectively. The isomeric mixtures could 
be used for the next step without separation. 
The absolute configuration of the newly formed stereogenic center was assigned to be R in 
analogy to the results shown in the previous report on the synthesis of α-alkylated analogues19 
and also confirmed by X-ray crystallography of a corresponding sultone (vide infra).   
 
2.1.5 Cleavage of the chiral auxiliary 
In analogy to the procedure reported in the previous communication,19 the removal of the 
chiral auxiliary to form the corresponding sulfonic acids 103 was achieved by refluxing the 
sulfonates 102 in an EtOH/H2O solution containing 15 mol % Pd(OAc)2 for 4 days (method 
A). As an alternative method for cleaving the chiral auxiliary without epimerization at the    
α-position of the sulfonyl group, refluxing the diastereomerically pure sulfonates in ethanol 
containing 2% TFA for 24 h led to the corresponding sulfonic acids 103 (method B). In order 
to facilitate the purification of the sulfonic acids, they were directly converted to the 
corresponding methyl sulfonates (R)-104 with diazomethane (Scheme 38).  
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Scheme 38. Removal of the chiral auxiliary to form the methyl sulfonates 104a-e. Method A: 
Pd(OAc)2, EtOH/H2O, reflux, 4 days. Method B: 2% TFA/EtOH, reflux, 24 h 
 
The methyl sulfonates 104a-e were obtained in good yields and enantiomerically pure 
(Table 4). A comparison of the two methods revealed that in the case of the alkylation product 
104e the cleavage method using TFA resulted in only slightly lower yields. In contrast, 
cleavage of the allylated sulfonates 104a,b using TFA gave significantly lower yields of the 
corresponding acids. This was attributed to the cyclization to the corresponding sultones 
which could be detected in a small amount in the crude reaction mixture. Care must be taken 
when the reaction is performed in ethanol, which can cause the ring opening of sultones. To 
reduce this side reaction, the reaction time had to be limited to 24 h reflux.  
 
Table 4. Removal of the chiral auxiliary to form the methyl sulfonates 104.  
Yield [%] 
(R)-104 R1 R2 
Method A Method B 
ee [%]a 
a H allyl 85 73b ≥ 98 
b t-Bu allyl 80 65b ≥ 98 
c H crotyl -        80 ≥ 98 
d t-Bu crotyl -        81 ≥ 98 
e t-Bu (2-naphthyl)methyl 86        83 ≥ 98 
a Determined by HPLC using a chiral stationary phase.  
b The crude product contained a small amount of the corresponding sultone. 
 
 
Results and Discussion 
 40 
 
2.1.6 Removal of the chiral auxiliary and cyclization to form γ-sultones 
2.1.6.1 Formation of γ-sultones from allylated methyl sulfonates  
In analogy to the previously reported procedure,77 the methyl sulfonates 104, obtained after 
removal of the chiral auxiliary, were subjected to the cyclization to form the corresponding γ-
sultones. After cleaving the methyl group with NaI in acetone, the free acid was obtained by 
filtration through a column packed with an acid ion-exchange resin. The resulting sulfonic 
acids 103, obtained after removal of the solvent, were kept at room temperature for 1 month to 
give the corresponding sultones (Path A, Scheme 39). As an alternative procedure to form the 
sultones, the crude sulfonic acids 103, obtained after removal of the chiral auxiliary, were kept 
at room temperature without further purification for 1 month (path B). 
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Scheme 39. Formation of sultones from the chiral sulfonates 102 via the methyl sulfonates 
104 (path A) and via the crude sulfonic acids 103 (path B). 
 
The results are summarized in Table 5. A comparison of the two methods revealed that in the 
case of the chiral sulfonate 102a, the formation of the corresponding sultone by path B 
resulted in a significantly lower yield (entry 1). In the cases of entries 1 and 2, only the γ-
sultones 105 were obtained from the corresponding chiral sulfonates 102a,b. Whereas a 
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mixture of the isomeric γ-sultone 105e and the δ-sultone 106e was obtained from the chiral 
sulfonate 102e. It should be noted that the isomeric δ-sultone 106e was obtained as the major 
isomer (entry 3).  
 
Table 5. Formation of sultones from the corresponding chiral sulfonates 102 via the methyl 
sulfonates 104 (path A) and via the crude sulfonic acids 103 (path B). 
Yield [%]a 
Entry 102 R1 R2 R3 
Path A Path B 
Ratio of (cis:trans)-105 
/(cis:trans)-106b ee [%]
c 
1 a H H H 45 
16 
85:15/0:0 (Path A) 
89:11/0:0 (Path B) 
≥ 98 
≥ 98 
2 b t-Bu H H 48 - 84:16:0:0 ≥ 98 
3 e t-Bu H CH3 - 12 14:0/14:72 ≥ 98 
4 f H CH3 H - 44 only 105 ≥ 98 
5 g t-Bu CH3 H - 49 only 105 ≥ 98 
a Method A: yield based on the methyl sulfonate 104. Method B: yield based on the chiral sulfonates 102. 
b Determined by 13C NMR. 
c Determined by HPLC using a chiral stationary phase.  
 
The relative configuration of the new stereogenic center was determined by NOE experiments 
on the isomers (R,R)-105e and (R,S)-106e showing that the protons at the α- and γ-position of 
105e and at the α- and δ-position of 106e are cis and trans to each other, respectively (Figure 
14). Due to the known R- configuration of the stereogenic centre generated by the α-allylation, 
the absolute configurations could be assigned as (R,R) and (R,S), respectively. 
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Figure 14. Selected NOE enhancements on (R,R)-105e and (R,S)-106e. 
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2.1.6.2 Removal of the chiral auxiliary and subsequent cyclization in a one-pot 
procedure   
Since the formation of sultones by using previous methods resulted in low yields and were 
time consuming, a new strategy had to be developed. We therefore decided to study the 
cleavage of the chiral auxiliary using TFA and to optimize the cyclization of the liberated  
sulfonic acids 103 intermediate furnishing the desired γ-sultones 105 in a one-pot procedure 
(Scheme 40). The results are summarized in Table 6. 
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Scheme 40. Removal of the chiral auxiliary and subsequent cyclization of the sulfonic acids 
103 to form the γ-sultones 105 in a one-pot procedure.  
 
The most reactive substrate in the cyclization reaction was the α-allylsulfonic acid 103g 
obtained from (R)-102g after cleavage of the chiral auxiliary. Refluxing in a 2% TFA/CH2Cl2 
solution for 22 h gave the geminal disubstituted γ-sultone 105g in very good yield and 
excellent enantiomeric excess. Under the same conditions, γ-sultone 105f was obtained in 
excellent yield of 90%.  
In contrast, refluxing the sulfonic acid 103a in a 2% TFA/CH2Cl2 solution for 3 days afforded 
the desired γ-sultone 105a in a lower yield of only 29%, which could be significantly 
improved by increasing the concentration of TFA in the solution. Thus, the γ-sultones 105a-c 
could be synthesized in good yields (64-72%) as well as diastereomeric excesses (de = 78-
80%) by refluxing the corresponding crude sulfonic acids 103 in a CH2Cl2 solution containing 
Results and Discussion 
 43 
 
20% TFA for 24 h. It is worth mentioning that only two diastereomeric γ-sultones 105a-c 
were formed which were chromatographically separable. No isomeric δ-sultones was obtained. 
 
Table 6. Removal of the auxiliary and subsequent cyclization of the sulfonic acid 103 in a 
one-pot procedure to afford the γ-sultones 105. 
 
Cyclization 
conditions 
105 R1 R2 R3 
%TFA/ 
CH2Cl2 
t, time 
Yield 
[%] 
de [%]a 
ee 
[%]b 
a phenyl H H 2 reflux, 3 d 29 78 (≥ 98) ≥ 98 
    10 reflux, 30 h 33 78 (≥ 98) ≥ 98 
    10 reflux, 3 d 45 80 (≥ 98) ≥ 98 
    20 reflux, 24 h 72 80 (≥ 98) ≥ 98 
b 4-tert-butylphenyl H H 20 reflux, 24 h 64 78 (≥ 98) ≥ 98 
c 2-naphthyl H H 20 reflux, 24 h 77 78 (≥ 98) ≥ 98 
d phenyl H CH3 30 reflux, 16 h  71c 90 (≥ 98) ≥ 98 
    40 reflux, 16 h  69c 90 (≥ 98) ≥ 98 
e 4-tert-butylphenyl H CH3 20 reflux, 24 h  51c 84 (≥ 98) ≥ 98 
    30 reflux, 16 h  64c 90 (≥ 98) ≥ 98 
f phenyl CH3 H 2 reflux, 20 h 90 - ≥ 98 
g 4-tert-butylphenyl CH3 H 10 rt, 3 d 29 - ≥ 98 
    2 reflux, 22 h 82 - ≥ 98 
a Determined by 13C NMR, in brackets, after column chromatography or HPLC.  
b Determined by HPLC using a chiral stationary phase  
c The product mixture consisted of two diastereomeric γ-sultones and small amount of two diastereomeric δ-
sultones. 
 
Under these conditions (20%TFA/CH2Cl2, reflux, 24 h), however, 105e could only be 
obtained in 51% yield. A further increase of the TFA concentration in solution and a small 
decrease of reaction time overcame this problem and led to higher yields of 105d and 105e of 
71% and 64%, respectively. The yield of 105d could not be increased by using an even higher 
concentration of TFA. Removal of the chiral auxiliary and subsequent cyclization of the 
sulfonic acids 103d,e led to a product mixture consisting of two diastereomeric γ-sultones and 
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small amounts of two diastereomeric δ-sultones. In all cases the diastereomerically and 
enantiomerically pure sultones 105a-g could be obtained by flash column chromatography or 
HPLC (de, ee ≥ 98%).  
Cleavage of the chiral auxiliary using Pd(OAc)2 liberates the sulfonic acid whose cyclization 
to the corresponding sultone by TFA catalysis was investigated in the case of sulfonate 102a. 
After cleavage of the chiral auxiliary with Pd(OAc)2 and removal of the palladium residues, 
the crude sulfonic acid was refluxed in a 20% TFA/CH2Cl2 solution for 24 h furnishing the 
desired sultone 105a in a slightly lower yield of 63% (Scheme 41).  
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Scheme 41.  Cleavage of the chiral auxiliary using Pd(OAc)2 and subsequent cyclization by 
TFA catalysis affording the γ-sultone (R,R)-105a. 
 
The absolute configuration of the newly formed stereogenic center was established 
unambiguously as R by X-ray crystallography in the case of product 105a. This shows again 
that the protons at the α- and γ-position are cis to each other (Figure 15).  
 
 
 
Figure 15. X-ray crystal structure of (R,R)-105a. 
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The stereochemistry of the major diastereomer of other γ-sultones is also expected to be R,R 
based on the assumption of a uniform reaction mechanism operating during the allylation and 
cyclization reaction.  
To explain the stereochemical outcome of the sultone formation we assume a Markownikov 
protonation of the olefinic double bond under the acidic reaction conditions. The cyclization 
can proceed via two possible transition states as depicted in Figure 16. The transition state A 
should be more favoured than B owing to its less 1,3-steric interaction between the alkyl 
group and the benzylic H-atom. This transition state model can account for the preferred cis-
configuration of the α,γ-substituted γ-sultones. 
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Figure 16. Proposed transition state of the cyclization of sulfonic acid. 
 
In summary, a highly efficient diastereo- and enantioselective route to α,γ-substituted γ-
sultones via α-allylation of lithiated chiral sulfonates has been developed. Acid-catalyzed 
cleavage of the chiral auxiliary and diastereoselective ring closure of the sulfonic acid 
intermediates was carried out following a one-pot procedure.  
 
2.2 Synthetic application of chiral γ-sultones: The asymmetric synthesis 
of sulfonic acid derivatives via ring-opening reactions of sultones 
 
2.2.1 Mechanistic study of the ring-opening reactions and asymmetric synthesis of       
γ-alkoxy sulfonates 
Sultones are internal esters of hydroxy sulfonic acid and are sulfur analogues of lactones. 
However, they behave differently in most ring-opening reactions. When reacting with 
nucleophiles, lactones are cleaved at the acyl-oxygen bond and behave as acylating agents, 
whereas sultones are cleaved at the carbon-oxygen bond and behave as sulfoalkylating agents 
(Scheme 42).  
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Scheme 42. Comparison of γ-lactones and γ-sultones in their reactions with nucleophiles. 
 
To the best of our knowledge, there have been many reports on the ring-opening reactions of 
sultones with a wide range of nucleophiles but the diastereoselectivity of these reactions has 
not been investigated yet.  
There have been only a few literatures regarding the mechanism of the ring-opening of 
sultones. In 1959, Bordwell et al. studied the effects of methyl substituents on the hydrolysis 
rates of γ-sultone derivatives bearing either no, one or two substitutents in the γ-position 
(primary, secondary and tertiary γ-sultones) in 2.8% dioxane leading to the conclusion that 
these sultones were hydrolysed predominantly by an unimolecular mechanism.80 Mori et al. 
demonstrated that the hydrolysis of propanesultone in H218O in a strong alkaline medium (pH 
> 12) led to 86% C−O fission and 14% S−O fission corresponding to unimolecular and 
bimolecular mechanisms, respectively.81  
With the appropriately α,γ-substituted γ-sultones in hands, we decided to exploit this behavior 
of sultones with the purpose of developing an efficient route for the asymmetric synthesis of 
γ-functionalized sulfonates.     
At first, the reaction of the diastereo- and enantiopure sultone (R,R)-105a with a large excess 
of absolute methanol by refluxing for 3 days led to the corresponding sulfonic acid which was 
directly converted to its methyl sulfonate 107a with diazomethane in order to obtain the final 
product in a more accessible form (Scheme 43). The ring-opening product 107a was obtained 
in quantitative yield and as a single isomer. One further study was carried out with the 
methanolysis of the epimeric sultone (R,S)-105a. Again, only one single isomer was obtained 
in excellent yield.  
As depicted in Scheme 43, the 1H NMR spectra of the crude product mixture from both 
diastereomers were obviously different from each other. The signal of the α-protons of (R,S)-
107a and (R,R)-107a appeared in the 1H NMR as a triplet at δ 4.49 ppm and as a doublet of 
doublets at δ 4.61 ppm, respectively. The γ-proton of the epimeric (R,S)-107a was found as a 
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multiplet at a higher field than that of the epimeric (R,R)-107a, at δ 3.53 and 2.91 ppm, 
respectively.  
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Scheme 43. Methanolysis of the sultones (R,R)-105a and (R,S)-105a. 
 
The excellent diastereoselectivity of the reaction led to question that if the reaction proceeds 
via a SN1 or a SN2 mechanism. Since both diastereomers obtained differ from each other and 
due to the high stereoselectivity of the reaction, it is reasonable to assume that the reactions 
proceed via a bimolecular nucleophilic substitution with inversion of configuration at the 
attacked asymmetric carbon atom rather than via a unimolecular reaction, which should result 
in an epimeric mixture.  
Further evidence for the SN2 mechanism was obtained from the methanolysis of the γ-
dimethyl sultone (R)-105d (Scheme 44). Assuming that the SN2 mechanism holds for this 
sultone, the reaction should proceed more slowly because the backside attack is hindered for 
steric reasons. After refluxing the enantiopure sultone (R)-105d in absolute methanol for 3 
days, starting material could be recovered in 75% yield. By increasing the reaction time to 7 
days, (R)-108 could be obtained in 51% yield. In addition to a small amount of starting 
material, 29% of the corresponding β,γ-alkenesulfonate 109 was obtained by an elimination 
reaction. 
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Scheme 44. Methanolysis of the γ-dimethyl sultone (R)-105d. 
 
The ring-opening reactions of the optically pure sultone (R,R)-105a with different alcohols are 
summarized in Table 7 (Scheme 45).  The reactions of the enantiopure sultone (R,R)-105a 
with ethanol and n-propanol were performed by refluxing the solution for 3 days to give 
(R,S)-107b and (R,S)-107c, respectively in excellent yields as well as diastereo- and 
enantiomeric excesses. In the presence of i-propanol, (R,R)-105a afforded (R,S)-107d in 94% 
yield after refluxing the reaction mixture for 7 days. Only a small amount of starting material 
was observed. It is assumed that the low reaction rate is due to steric hindrance.  
 
de, ee ≥ 98%
(R,S)-107
S
O
CH3
H
O O
CH3
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CH3
CH3O3S OR
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ROH, reflux CH2N2/Et2O
94-99%
 
 
Scheme 45. Alcoholysis of the γ-sultones (R,R)-105a affording the ring-opening products 
107. 
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Table 7. Alcoholysis of the enantiopure γ-sultones (R,R)-105a affording the γ-alkoxy methyl 
sulfonates (R,S)-107. 
(R,S)-107 R Reaction time, d Yield (%) de (%)a ee (%)b 
a Me 3 99 ≥ 98 ≥ 98 
b Et 3 99 ≥ 98 ≥ 98 
c n-Pr 3 99 ≥ 98   98 
d i-Pr 7  94c ≥ 98 ≥ 98 
a Determined by 1H-NMR 
b Determined by HPLC using a chiral stationary phase. 
c The crude product consisted of a small amount of starting material. 
 
The absolute configuration of the γ-alkoxy methyl sulfonates 107a-d is expected to be (1R,3S) 
based on the assumption of a uniform reaction mechanism operating in all the substitutions. In 
all cases, the ee-values were determined by HPLC analysis using a chiral stationary phase by 
comparison with the racemate and showed that the reported alcoholyses of these sultones 
proceed without epimerization at the α-position of the sulfonyl group. 
In contrast, the reaction of the sultone (R,R)-105a with KOEt in THF at −78 °C for 1 h led to 
epimerization, resulting in the formation of a mixture of two diastereoisomers of the sultone 
105a (Scheme 46). No ring-opening product was observed.  
 
S
O
OO
(R,R)-105a
CH3 KOEt/THF
−78 °C, 1h
S
O
OO
an epimeric mixture
CH3
105a
de, ee ≥ 98%  
 
Scheme 46. Reaction of the sultone (R,R)-105a with KOEt. 
 
In conclusion, alcoholysis of the enantiopure α,γ-substituted γ-sultones under mild conditions 
provided α,γ-substituted γ-alkoxy methyl sulfonates in excellent yields as well as  diastereo- 
and enantiomeric excesses. The high stereoselectivity of the ring-opening reaction leads to the 
conclusion that the reported alcoholyses proceed via a SN2 mechanism. 
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2.2.2 Asymmetric synthesis of α,γ-substituted γ-hydroxy sulfonates 
Derivatives of sulfonic acids are important constituents of living organisms.1 However, in 
many cases nothing is known about their physiological properties. To get further insight into 
their mode of action a stereoselective access to these derivatives is desirable and compulsory 
for physiological tests. In our ongoing research concerning the chemistry of sultones we 
envisioned to gain access to one class of these derivatives, the title γ-hydroxy sulfonates by 
hydrolysis of enantio- and diastereomerically pure γ-sultones. Hitherto, only a few synthetic 
routes for the asymmetric synthesis of these interesting compounds have been described.82 
The hydrolysis of sultones can lead to hydroxy alkanesulfonates by a substitution or to 
alkenesulfonates by an elimination reaction. Nilsson found that the ratio of elimination to 
substitution products increases on going from primary to secondary and tertiary γ-sultones.83 
Kaiser and Püschel have reported the hydrolysis of long chain tertiary γ-sultones giving 67% 
yield of γ-hydroxy sulfonate and 33% yield of unsaturated products consisting of 30% of the 
3-alkenesulfonate and only 3% of the ∆2-isomer.84  
As shown in Scheme 47, refluxing of the diastero- and enantiomerically pure γ-sultones 105 
in a solution of H2O-acetone (1:2) for 3 days led to the corresponding sulfonic acids. In order 
to obtain the final product in a more accessible form, the resulting sulfonic acids were directly 
converted to the corresponding methyl sulfonates 110 with diazomethane. 
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Scheme 47. Hydrolysis of the enantiopure γ-sultones 105 to form the corresponding γ-
hydroxy methyl sulfonates 110. 
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Table 8. Hydrolysis of the enantiopure sultones 105 affording the γ-hydroxy methyl 
sulfonates 110. 
Entry Product R1 R2 R3 Yield (%) de (%)a ee (%)b 
1 (R,S)-110a H Me H 87 ≥ 98 ≥ 98 
2 (R,R)-110a H H Me 91 ≥ 98 ≥ 98c 
3 (R,S)-110b t-Bu Me H 89 ≥ 98 ≥ 98c 
4 (R,S)-110c H Et H 88 ≥ 98 ≥ 98c 
5    (R)-110d t-Bu Me Me 90 - ≥ 98 
6    (R)-110e H Me Me 88 - ≥ 98c 
a Determined by 1H-NMR and/or HPLC. 
b Determined by HPLC using a chiral stationary phase. 
c Based on the ee-values of the enantiopure sultones. 
 
The γ-hydroxy methyl sulfonates 110a-e were obtained in very good yields (87-91%) and 
excellent diastereo- and enantiomeric excesses (de, ee ≥ 98%, Table 8). It is worth mentioning 
that the hydrolysis of the secondary γ-sultones 105 gave only the substitution products 110a-c. 
No elimination products could be detected in the crude products (entries 1-4). In the cases of 
entries 5 and 6, the reaction of the tertiary sultones 105 led to only small amounts of the 
unsaturated sulfonates formed by an elimination reaction observed by 1H NMR spectra of the 
crude products. This demonstrated that the described reaction conditions are very mild. 
 
CH3
MeO3S OH
(R,S)-110a
 
 
Figure 17. HPLC analysis of compound (R,S)-110a compared with its racemate (Daicel OD, 
n-heptane/i-PrOH 9:1). 
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The ee-values of the products, in the case of (R,S)-110a and (R)-110d were determined by 
HPLC analysis using a chiral stationary phase by comparison with the racemate (Figure 17) 
and showed that the ring-opening of these sultones with water under such condition proceeds 
without epimerization at the α-position of the sulfonyl group. Accordingly, the ee-values of 
other γ-hydroxy methyl sulfonates are also expected to be greater than 98% based on the ee-
values of the corresponding enantiopure sultones.  
 
The hydrolysis of the epimeric sultones (R,R)-105a and (R,S)-105a gave one single 
diastereomer in both cases, (R,S)-110a and (R,R)-110a, respectively. Their 1H NMR spectra 
were apparently different from each other as shown in Figure 18. The signal of the α-protons 
of (R,S)-110a and (R,R)-110a appeared in the 1H NMR spectra as a triplet at δ 4.53 ppm and 
as a doublet of doublets at δ 4.63 ppm, respectively. The γ-proton of the epimeric (R,S)-110a 
was found at a higher field than that of the epimeric (R,R)-110a, at δ 4.07 and 3.47 ppm, 
respectively. Moreover, the two protons at β-position of compound (R,S)-110a were found at 
δ 2.54 and 2.19 ppm, while the two β-protons of (R,R)-110a appeared together at δ 2.33 ppm. 
 
CH3
MeO3S OH
CH3
MeO3S OH
(R,R)-110a
(R,S)-110a
-CH2-
-CH2-
CHS
CHS
CHO
CHO
 
 
Figure 18. Comparison of 1H NMR spectra of the epimeric isomers (R,S)-110a and (R,R)-
110a. 
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Due to the excellent diastereoselectivity of the reaction, it is reasonable to assume once more 
that the reaction proceeds via a bimolecular nucleophilic substitution with inversion of 
configuration at the attacked γ-position of the γ-sultones rather than via a unimolecular 
reaction, which should result in an γ-epimeric mixture.  
In addition, the absolute configuration of (R,S)-110a was determined by X-ray crystallography 
of the corresponding sodium sulfonate. The γ-hydroxy sodium sulfonate 111 could be 
obtained by cleaving the methyl group of  (R,S)-110a with NaI in acetone at room temperature 
(Scheme 48).  
 
CH3
CH3O3S OH
CH3
NaO3S OHNaI/acetone
rt, 24 h
(R,S)-110a (R,S)-111
97%
 
 
Scheme 48. Cleavage of γ-hydroxy methyl sulfonate (R,S)-110a to form  the γ-hydroxy 
sodium sulfonate (R,S)-111. 
 
The X-ray diffraction study of compound 111 established unambiguously that the absolute 
configuration of the stereogenic center at the γ-position is S (Figure 1).  The configuration of 
the γ-hydroxy methyl sulfonates 110b and 110c is also expected to be (1R,3S) based on the 
assumption of a uniform reaction mechanism operating in all substitutions. 
 
 
 
Figure 19. X-ray crystal structure of (R,S)-111. 
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In summary, we have developed a facile asymmetric synthesis of α,γ-substituted γ-hydroxy 
sulfonates in very good yields and excellent diastereo- and enantiomeric excesses (de, ee ≥ 
98%) by ring-opening of enantiopure γ-sultones with water under mild conditions. The 
reaction proceeds via a SN2 mechanism with inversion of configuration at the attacked γ-
carbon atom.  
 
2.2.3 Asymmetric synthesis of α,γ-substituted γ-amino sulfonates 
Having explored the efficient asymmetric synthesis of γ-alkoxy and γ-hydroxy sulfonates via 
ring-opening of chiral sultones, we turned our attention to the possible application of this 
methodology to the enantioselective synthesis of a very important class of sulfonic acid 
derivatives, i.e. homotaurine (3-aminosulfonic acid) and its derivatives. 
In fact, there have been many reports about the ring-opening of sultones with amines to 
introduce the amino group.85 However, sultones bearing a stereogenic center at the α-position 
of the sulfonyl group would probably undergo epimerization at this center. To circumvent this 
problem, we planed an indirect synthetic strategy using sodium azide as a reagent in the ring-
opening reaction of sultones as depicted in Scheme 49.  
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Reduction and
protection
 
 
Scheme 49. Synthetic approach to the asymmetric synthesis of γ-amino sulfonates. 
 
We assumed that using the azide ion (a strong nucleophile but weakly basic synthetic 
equivalent of the amino group) should allow an epimerization-free ring-opening of sultones. 
After this, the amino group would be obtained by a mild reduction of the azido group. To 
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yield the desired γ-amino sulfonates, the sulfonic acid group would have to be protected 
appropriately in order to warrant its stability under the reduction conditions. Ethyl and 
isopropyl sulfonates can be prepared directly from sulfonic acids using triethylorthoacetate86 
and triisopropylorthoformate,87 respectively. Isopropyl sulfonates were assumed to be more 
stable to the reduction conditions required for the conversion of the azido group due to their 
lower reactivity via SN2 reaction pathways. 
As expected, the ring-opening of the sultone (R,R)-105a with an excess of sodium azide was 
performed smoothly in DMF under anhydrous conditions (Scheme 50). The reaction was 
complete after stirring for 2 h at 60 ºC yielding the corresponding sodium sulfonate 112, 
which could be directly converted into the corresponding isopropyl sulfonate in a two step 
sequence following a modified procedure.87 Firstly, DMF was removed in vacuo and the 
crude sodium sulfonate was treated with an excess of methanolic HCl. After removal of the 
solvent in vacuo, the remaining solid was triturated with dichloromethane and filtered. 
Subsequent treatment of the residual sulfonic acid 113 with triisopropylorthoformate in 
refluxing CH2Cl2 for 2 h furnished the desired γ-azido isopropyl sulfonates 114 in excellent 
yield of 96% after purification by column chromatography (Entry 1, Table 9). Interestingly, 
the reaction was very clean and the protection of the sulfonic acid with 
triisopropylorthoformate was more challenging than expected comparing to the previous 
reported procedure (dioxane, 60 ºC, overnight). 
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Scheme 50. Asymmetric synthesis of γ-azido isopropyl sulfonates 114 from the corresponding  
γ-sultones 105. 
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This three step sequence showed to be general in scope, providing a range of substituted γ-
azido isopropyl sulfonates derived from secondary and tertiary γ-sultones as summarized in 
Table 9. The γ-azido isopropyl sulfonates (R,S)-114a-d were obtained in excellent yields   
(96-98 %) as well as diastereo- and enantiomeric excesses (de, ee ≥ 98%). In cases of entries 5 
and 6, analysis of the products showed that the reactions proceeded with the desired 
selectivity to (R)-114e and (R)-114f in acceptable yields of 77% and 74%, respectively, 
together with the major byproducts β,γ- and γ,δ-unsaturated sulfonates arising from 
elimination reactions.  
 
Table 9. Asymmetric synthesis of the γ-azido isopropyl sulfonates 114 from the corresponding       
γ-sultones 105. 
Entry Product R1 R2 R3 Yield (%) de (%)a ee (%)b 
1 (R,S)-114a H Me H 96 ≥ 98 ≥ 98 
2 (R,S)-114b t-Bu Me H 97 ≥ 98 ≥ 98c 
3 (R,S)-114c H Et H 97 ≥ 98 ≥ 98c 
4 (R,S)-114d t-Bu Et H 98 ≥ 98 ≥ 98c 
5    (R)-114e H Me Me 77 - ≥ 98 
6    (R)-114f t-Bu Me Me 74 - ≥ 98c 
a Determined by 1H-NMR and HPLC. 
b Determined by HPLC using a chiral stationary phase. 
c Based on the ee-values of the enantiopure sultones. 
 
The ring-opening of the enantiopure sultones (R,R)-105a-d proceeded with very high degree 
of diastereoselectivity to give the corresponding γ-azido sulfonates (R,S)-114a-d as a single 
isomer, respectively. To get more insight into these ring-opening reactions, we also 
investigated the reaction of the (racemic) γ-epimeric sultone (R,S)-105a, i.e. trans-105a. As 
expected, the γ-azido isopropyl sulfonate rac-syn-114a was obtained as a single isomer. Both 
diastereomers obtained clearly differed from each other as shown by their 1H NMR spectra in 
Figure 20. The signal of the α-protons of anti-114a  [(R,S)-114a] and syn-114a appeared in 
the 1H NMR spectra as a triplet at δ 4.32 ppm and as a double of doublet at δ 4.40 ppm, 
respectively. The γ-proton of anti-114a was found at a higher field than that of syn-114a, at 
δ 3.70 and 3.14 ppm, respectively. Moreover, the signal of the two protons at β-position of 
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anti-114a were found at δ 2.52 and 2.21 ppm, while the two β-protons of syn-114a appeared 
together at δ 2.31 ppm. 
Thus, it would be reasonable to assume that the reactions proceed via a bimolecular 
nucleophilic substitution with inversion of configuration at the attacked γ-carbon atom rather 
than via a unimolecular reaction, which should result in an epimeric mixture. The absolute 
configuration of the γ-azido isopropyl sulfonates 114a-d is assigned to be (1R,3S) based on 
the assumption of a uniform reaction mechanism operating in all the substitutions. 
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[(R,S)-114a]
 rac-syn-114a
CHS
CHS
CHN
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-CH2-
 
 
Figure 20. Comparison of 1H NMR spectra of the epimeric isomers anti-114a [(R,S)-114a] 
and rac-syn-114a. 
 
The conversion of the azido group into a N-Boc-protected amino group was finally carried out 
in a one-pot procedure according to a reported method 88  by using Pd/C-catalyzed 
hydrogenation in the presence of (Boc)2O leading to the N-Boc-protected γ-amino sulfonates 
115 in very good yields and excellent diastereo- and enantiomeric excesses (de, ee ≥ 98%) as 
shown in Scheme 51 and Table 10. Thus, this simple four step sequence provides a new route 
to N-Boc-protected γ-aminoisopropyl sulfonates from  enantiopure sultones.  
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Scheme 51. Transformation of the γ-azido sulfonates 114 to the N-Boc-protected γ-amino 
sulfonates 115. 
 
Table 10. Transformation of the γ-azido sulfonates 114 to the N-Boc-protected γ-amino 
sulfonates 115. 
Product R1 R2 R3 Yield (%) de (%)a ee (%)b 
(R,S)-115a H Me H 91 ≥ 98 ≥ 98 
(R,S)-115b t-Bu Me H 90 ≥ 98 ≥ 98c 
(R,S)-115c H Et H 86 ≥ 98 ≥ 98c 
(R,S)-115d t-Bu Et H 80 ≥ 98 ≥ 98c 
   (R)-115e H Me Me 79 - ≥ 98 
   (R)-115f t-Bu Me Me 81 - ≥ 98c 
a Determined by 1H-NMR and HPLC. 
b Determined by HPLC using a chiral stationary phase. 
c Based on the ee-values of the enantiopure sultones. 
 
The ee-values of (R,S)-115a and (R)-115e were determined by HPLC analysis using a chiral 
stationary phase by comparison with the racemate (Figure 21). This revealed that these 
reactions proceed without any detectable amount of epimerization at the α-position of the 
sulfonyl group. Accordingly, the ee-values of other N-Boc-protected γ-aminoisopropyl 
sulfonates are also expected to be greater than 98% based on the ee-values of the 
corresponding enantiopure sultones.  
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CH3
i-PrO3S NHBoc
(R,S)-115a
 
 
Figure 21. HPLC analysis of compound (R,S)-115a in comparison to its racemate (Chiral OD, 
n-heptane/EtOH 95:5). 
 
It seems to be of special interest that both protecting groups in (R,S)-115a can be cleaved 
independently without epimerization as illustrated in Scheme 52. The isopropyl group was 
deprotected using NaI in refluxing acetone for 2 days leading to the corresponding sodium 
sulfonate (R,S)-116 in 91% yield and in acceptable purity. 
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(R,S)-115a
de, ee ≥ 98%
de, ee ≥ 96% (NMR)
(R,S)-116
de, ee ≥ 96% (NMR)
(R,S)-117
 
 
Scheme 52. Selective deprotection of  the γ-amino sulfonates (R,S)-115a. 
 
On the other hand, the Boc group could be deprotected selectively with TFA in CH2Cl2 at 
room temperature. The amine thus obtained, which was not isolated but directly protected 
with CbzCl to afford the carbamate (R,S)-117 in excellent  yield of 96% without epimerization.  
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The free γ-amino sulfonic acid could be easily synthesized from the γ-sultone in a three step 
sequence as depicted in Scheme 53. Ring-opening of the sultone (R,R)-105a with sodium 
azide followed by conversion the resulting sodium sulfonate to sulfonic acid with an excess of 
methanolic HCl.  The resulting γ-azido sulfonic acid 113 was directly reduced employing 
Pd/C-catalyzed hydrogenation to give the free γ-amino sulfonic acid (R,S)-118 in 92% overall 
yield. 
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Scheme 53. Synthesis of the free γ-amino sulfonic acid (R,S)-118 from the γ-sultone       
(R,R)-105a. 
 
To establish that the conversion of the enantiopure sultone (R,R)-105 to the corresponding γ-
azido sulfonate (R,S)-114 had occurred with inversion of configuration, the γ-sultone (R,R)-
105a was converted into the known N-acetylamine 121 via the intermediate γ-azido sulfonate 
(R,S)-112a as depicted in Scheme 54. 
After opening of the sultone (R,R)-105a with sodium azide, the resulting sodium sulfonate 
(R,S)-112a was converted into the γ-azido sulfonyl chloride 119 with phosgene at room 
temperature. It is noteworthy that we observed a severe loss of stereochemical integrity at the 
α-position of sulfonyl group in the product 119 under this condition. After removal of the 
polar impurity by filtration through a short column of silica gel, the γ-azido sulfonyl chloride 
119 was hydrogenated in the presence of Pd/C as catalyst. In this fasion, the azido group was 
reduced with concomitant reductive cleavage of the sulfonyl group leading to the desired 
amine 120. No attempt was made to purify the amine 120 but it was directly used for the 
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acetylation step. Treatment of amine 120 with acetic anhydride in CH2Cl2 in the presence of 
triethylamine led to the desired N-acetylamine 121 in 70% overall yield, whose absolute 
configuration was established to be S by comparing its rotation with the value reported in 
literature {[α] 24D  = −34.1 (c 0.65, EtOH), lit.89 [α] 26D  = −35.2 (c 0.7, EtOH)}. 
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Scheme 54. Conversion of the γ-sultone (R,R)-105a to the known N-acetylamine 121. 
 
After we had succeeded in the asymmetric synthesis of γ-amino sulfonates with (1R,3S) 
configuration, we wanted to extend the set of γ-amino sulfonates to their (1R,3R) epimers via 
the (1R,3S)-γ-hydroxy sulfonates whose synthesis has been outlined in chapter 2.2.2. We 
reasoned that the conversion of a hydroxyl group into an azido group under Mitsunobu 
conditions90 should proceed with inversion of configuration at the alcohol centre.  
For this propose, we first wanted to protect the sulfonic acid with isopropyl group which was 
assumed to be stable enough towards the Mitsunobu conditions. Thus, the sultone (R,R)-105b 
was converted to the corresponding γ-hydroxy sulfonic acid as described previously and 
directly esterified with triisopropylorthoformate in refluxing CH2Cl2 for 2 h (Scheme 55).   
Under this condition, however, the desired γ-hydroxy isopropyl sulfonates (R,S)-122 was 
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obtained in only 20% yield along with the sultone (R,R)-105b in 48% yield. The latter one 
was presumably formed by an intramolecular cyclization of the sulfonic acid to the activated 
hydroxy group in A with an inversion of configuration.   
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Scheme 55. Ring-opening of the sultone (R,R)-105b to form the γ-hydroxy isopropyl 
sulfonate 122. 
 
Since the γ-hydroxy isopropyl sulfonate could not be prepared in satisfactory yield, we 
decided to examine the reaction of the γ-hydroxy methyl sulfonate (R,S)-110a under 
Mitsunobu conditions using diphenylphosphoryl azide (DPPA) as the azide source.91 NMR 
analysis of the crude product showed a complex mixture of products. No trace of the desired 
γ-azido sulfonate was detected. Moreover, we observed the formation of the sultone (R,R)-
105a, which indicates the instability of the methyl protected sulfonic acid under Mitsunobu 
conditions. 
 
In summary, we have demonstrated a highly efficient route to N-Boc-protected γ-amino 
isopropyl sulfonates in (1R,3S) form in a simple four step sequence via ring-opening of 
enantiopure (R,R)-α,γ-substituted γ-sultones with sodium azide as key step. Tertiary γ-amino 
isopropyl sulfonates were also synthesized in good yields and excellent enantiomeric excesses. 
However, attempted syntheses of the epimeric (R,R)-γ-azido sulfonate via a Mitsunobu 
reaction of (R,S)-γ-hydroxy sulfonates was unsuccessful. 
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2.3 Asymmetric synthesis of α,β-substituted γ-hydroxy and γ-amino 
sulfonates 
 
M. O. Berner and N. Vignola extended the application of sulfonates bearing 1,2:5,6-di-O-
isopropylidene-α-D-allofuranose as a chiral auxiliary to the asymmetric Michael addition 
using nitroolefins as accepters which provides α,β-disubstituted γ-sulfonates in very good 
yields and excellent diastereo- and enantiomeric excesses (Scheme 57).92 
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Scheme 57. Asymmetric Michael addition of the chiral sulfonates 101 to nitroalkenes. 
 
It is of special interest in this context that the cleavage of the chiral auxiliary can lead to either 
γ-nitro methyl sulfonates or β-alkoxycarbonyl methyl sulfonates depending on the cleavage 
conditions as illustrated in Scheme 58. 
Originally, the removal of the chiral auxiliary to form the corresponding sulfonic acids was 
achieved by refluxing the Michael adducts 123 in 98% EtOH containing a catalytic amount of 
Pd(OAc)2. To isolate the final products in a more accessible form, the sulfonic acids were 
directly converted to the corresponding α,β-disubstituted γ-nitro methyl sulfonates 124 with 
diazomethane (Path A). In contrast to the alkylation products, special reaction conditions had 
to be applied in order to obtain high yields. The reaction time had to be minimized in order to 
suppress a possible Nef reaction, 93  which may be caused by the liberated sulfonic acid 
converting the primary nitro group into an aldehyde or a carboxylic acid.94 The yields could 
be significantly increased if additional water was added to the reaction. In analogy, it has been 
reported that additional water slows the related Nef reaction.95 This reduction of side reactions 
in turn allowed an increase of the reaction time, which resulted in higher yields. In general, 
the reaction mixture was refluxed until the solution became yellow (approximately 24 h) 
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which was taken as an indication of side products. Thus, the γ-nitro methyl sulfonates 124, 
which are precursors of pharmacologically interesting homotaurine derivatives, were obtained 
in moderate to good yields and as virtually pure stereoisomers. 
 
125
SO3R*
R1
NO2
SO3H
R1 CO2R2
SO3CH3
R1 CO2R2
SO3CH3
R1
NO2
Pd(OAc)2, R2OH,
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CH2N2, Et2O
84-95%
de ≥ 98%
(R,R)-123
de, ee ≥ 98%
(R,R)-126
1. Pd(OAc)2/EtOH-H2O
    reflux, 24 h
2. CH2N2, Et2O
(R,R)-124Path A
Path B
de, ee ≥ 98%
49-76%
 
 
Scheme 58. Cleavage of the chiral auxiliary to form either the γ-nitro methyl sulfonates 124 
or the β-alkoxycarbonyl methyl sulfonates 126. 
 
In preliminary studies directed towards the cleavage of the chiral auxiliary, we observed that 
the amount of the corresponding β-alkoxycarbonyl sulfonate could be increased by avoiding 
additional amounts of water and by an increase of the reaction time. In order to achieve a 
complete conversion of the primary nitro sulfonates, we performed the reaction of the Michael 
adducts 123 by refluxing in 98% ethanol in the presence of Pd(OAc)2 as catalyst for 7 days 
(path B). After the normal work-up procedure with diazomethane the corresponding diesters 
126a-c were obtained in high yields as summarized in Table 11. It is worth mentioning that 
the use of absolute ethanol instead of 98% ethanol gave even lower yields of β-ethylcarbonyl 
sulfonate. By changing the solvent to isopropanol the corresponding isopropyl ester 126d was 
obtained in excellent yield.  
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Table 11. Cleavage of the chiral auxiliary to form the β-alkoxycarbonyl sulfonates 126. 
(R,R)-126 R1 R2 Yield (%) de (%)a ee (%)b 
a Et Et 94 ≥ 98 ≥ 98 
b n-Pr Et 84 ≥ 98 ≥ 98c 
c i-Pr Et 87 ≥ 98 ≥ 98 
d i-Pr i-Pr 95 ≥ 98 ≥ 98 
a Measured by 1H NMR and 13C NMR.  
b Based on the de values of the Michael adducts.  
c Determined by HPLC using a chiral stationary phase. 
 
To confirm that the auxiliary cleavage occured without racemization at the α-position of either 
the sulfonyl or the newly formed ester group, compound 123b was prepared at 0 °C to obtain 
a mixture of all diastereomers. Removal of the auxiliary according to the same condition 
yielded 126b as a mixture of stereoisomers. By comparison of the analytical HPLC data of the 
induced sample (R,R)-126b with its mixture of isomers, none of the other possible stereo-
isomers could be detected (Figure 22) which proves that the reaction occurs without 
racemization.  
 
(R,R)-126b
MeO3S
CO2Et
CH3
 
 
Figure 22. HPLC analysis of compound (R,R)-126b comparing to its mixture of isomers 
(Daicel OD 3, n-heptane/i-PrOH 98:2). 
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2.3.1 Asymmetric synthesis of α,β-substituted γ-hydroxy sulfonates 
Since we could develop a less expensive method for the removal of the chiral auxiliary, i.e.  
using TFA in refluxing ethanol instead of Pd(OAc)2, we wanted to investigate if this was also 
applicable to the chiral nitro sulfonates. As depicted in Scheme 59, refluxing the Michael 
adducts 123 in ethanol containing 2% TFA for 2 days provided the corresponding β-
ethylcarbonyl sulfonates 126b and 126c in 62% and 78% yields, respectively. No traces of 
analogous nitro sulfonates could be detected by NMR analysis of the crude reaction mixture. 
Under comparable reaction conditions, the use of TFA gave lower conversions to the ester 
products. However, using TFA instead of Pd(OAc)2 seems to be a viable alternative for such a 
transformation since the reactions proceed faster and give satisfactory yields. 
 
SO3R*
R1
NO2
SO3CH3
R1 CO2Et
de, ee ≥ 98%
(R,R)-123
de, ee ≥ 98%
(R,R)-126
1. 2% TFA/EtOH
    reflux, 2 d
2. CH2N2/Et2O
b: R1 = n-Pr, 62%
c: R1 = i-Pr, 78%
 
 
Scheme 59. TFA catalyzed cleavage of the chiral auxiliary to form the β-alkoxycarbonyl 
methyl sulfonates 126. 
 
Having succeeded in the synthesis of α,γ-substituted γ-hydroxy sulfonates in excellent 
diastereo- and enantiomeric excesses via ring-opening of chiral sultones, we turned our 
attention to the enantioselective synthesis of α,β-substituted γ-hydroxy sulfonates from β-
alkoxycarbonyl sulfonates by reduction.  
We found that the reduction of compound (R,R)-126 with BH3.THF, 96  BH3.SMe2, 97 
LiEt3BH,98 or LAH did not only proceed with the reduction of ester group but also led to a 
reductive cleavage of the methyl group to furnish the γ-hydroxy sulfonic acid. However, the 
reduction of ester group was achieved selectively using DIBAL 99  at low temperatures 
affording the desired γ-hydroxy methyl sulfonate (R,R)-127 in excellent yield as well as 
diastereo- and enantiomeric excess (Scheme 60). 
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CO2EtH3C
CH3
SO3CH3
OHH3C
CH3
de, ee ≥ 98%
(R,R)-126c
de, ee ≥ 98%
(R,R)-127
2.6 eq. DIBAL/CH2Cl2
−78 °C, 30 min then
−20 °C, 3 h
95%
 
 
Scheme 60. Reduction of (R,R)-126c affording the γ-hydroxy methyl sulfonate (R,R)-127. 
 
The ee-value of (R,R)-127 was determined by HPLC analysis using a chiral stationary phase 
by comparison with its racemate and showed that this reaction proceeds without any 
detectable amount of epimerization (Figure 23). 
 
SO3CH3
OHH3C
CH3
(R,R)-127
 
 
Figure 23. HPLC analysis of compound (R,R)-127 comparing to its racemate. 
 
Thus, we demonstrated an efficient access to optically pure α,β-substituted γ-hydroxy methyl 
sulfonate in very good yield in a two step sequence starting from the corresponding Michael 
adduct.  
 
2.3.2 Asymmetric synthesis of α,β-substituted γ-amino sulfonates 
Homotaurine derivatives are a great important class of naturally occuring coompounds which 
possess many pharmacological properties. After having gained access to optically pure α,γ-
substituted γ-amino sulfonates in very good yields via ring-opening of chiral sultones, we next 
envisioned to achieve an enantioselective synthesis of α,β-substituted γ-amino sulfonates from 
γ-nitro sulfonates.  
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We aimed to access the desired γ-amino sulfonates by cleaving the chiral auxiliary and by a 
subsequent reduction of the nitro group. We predicted that sulfonic acids protected as their 
isopropyl esters should be stable towards various reduction conditions for the conversion of 
the nitro group into the amino group. 
The removal of the chiral auxiliary without epimerization at the benzylic position was 
achieved by refluxing the diastereomerically pure Michael adducts 123 in a 2% TFA in 
EtOH/H2O (9:1) solution for 15 h. Subsequent treatment of the resulting sulfonic acid with 
triisopropylorthoformate in refluxing CH2Cl2 for 3 h furnished the desired γ-nitro isopropyl 
sulfonates 128 in moderate to good yields after purification by column chromatography 
(Scheme 61, Table 12). Under comparable reaction conditions to the previous method, the use 
of TFA gave higher conversions in cases of entries 1 and 2, whereas the product (R,R)-128c 
was obtained in slightly lower yield.  
 
SO3R*
R1
NO2
SO3i-Pr
R1
NO2
de ≥ 98%
(R,R)-123
1. 2% TFA, EtOH/H2O
    reflux, 15 h
2. CH(Oi-Pr)3/CH2Cl2
    reflux, 3 h
de, ee ≥ 98%
(R,R)-128
43-84%
 
 
Scheme 61. Cleavage of the chiral auxiliary to form the γ-nitro isopropyl sulfonates (R,R)-128. 
 
Table 12. Cleavage of the chiral auxiliary to form the γ-nitro isopropyl sulfonates (R,R)-128. 
Entry (R,R)-128 R1 Yield (%)a de (%)b ee (%)c 
1 a Et 84 (71) ≥ 98 ≥ 98 
2 b n-Pr 75 (70) ≥ 98 ≥ 98 
3 c i-Pr 43 (49) ≥ 98 ≥ 98 
a In brackets, yield of the corresponding methyl sulfonates (R,R)-124 obtained by the previous method                 
[1. Pd(OAc)2,EtOH/H2O 2. CH2N2]. 
b Measured by 1H NMR and 13C NMR.  
c  Based on the de values of the Michael adducts. 
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It should be noted that performing the reaction in 2% TFA/EtOH solution without additional 
water gave a mixture of the γ-nitro sulfonates 124 and the β-ethylcarbonyl sulfonate 126c by 
NMR analysis of the crude reaction mixture (Scheme 62). 
 
SO3R*
NO2H3C
CH3
SO3CH3
NO2H3C
CH3
SO3CH3
CO2EtH3C
CH3
(R,R)-123
1. 2% TFA/EtOH
    reflux, 15 h
2. CH2N2/Et2O
124 126c  
 
Scheme 62. Cleavage of the chiral auxiliary in 2% TFA/EtOH without additional water.  
 
In order to gain access to the desired γ-amino sulfonates, a reduction of 126 was required. 
Unfortunately, attempts to reduce the nitro group without affecting the protecting group were 
unsuccessful. Several methods were screened, including 10% Pd-C or PtO2/H2 (atm), PtO2/H2 
(atm)/HCl,100 10% Pd-C/HCO2NH4,101 Sn/NH4Cl/Boc2O/ultrasound,102 SmI2/THF/MeOH,103 
NaBH4/10% Pd-C,104 but all these methods were unsatisfactory by giving either a complex 
mixture of products or a large amount of recovered starting material. To overcome this 
problem, we turned our attention to an alternative route by reducing the nitro group before 
cleaving the chiral auxiliary. 
As depicted in Scheme 63, a selective reduction of the nitro group was achieved by using 
sodium borohydride in THF/MeOH in the presence of 10% Pd/C as catalyst.104 This provided 
the desired γ-amino sulfonate (R,R)-129 in 76% yield after purification by column 
chromatography. To perform the cleavage of the auxiliary the free amino group had to be 
protected. In initial experiments Cbz was choosen as protecting group: treatment of the amine 
(R,R)-129 with CbzCl (3 eq.) in CH2Cl2/H2O in the presence of potassium carbonate led to the 
mono-Cbz-amino sulfonate 130 in 56% yield together with the di-Cbz-amino derivative 131 
in 36% yield. These products were chromatographically separable. In further studies a 
stochiometric  amount of CbzCl should be used to avoid this problem of double protection. 
In the end, the removal of the chiral auxiliary of the mono-Cbz-amino derivative 130 was 
performed by refluxing in a 2% TFA/EtOH solution for 16 h. Protection of the liberated 
sulfonic acid with triisopropylorthoformate furnished the desired Cbz-amino isopropyl 
sulfonate (R,R)-132 in a moderate yield of 57%. NMR analysis showed that this three step 
sequence underwent without any detectable degree of epimerization. 
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Scheme 63. Asymmetric synthesis of the γ-amino sulfonate (R,R)-132. 
 
Thus, we have succeeded in developing a new strategy for the synthesis of α,β-substituted γ-
amino sulfonate via the chiral γ-nitro sulfonate bearing 1,2:5,6-di-O-isopropylidene-α-D-
allofuranose as the chiral auxiliary. The described four steps include the reduction of the nitro 
group, the protection of the generated amine functionality, the removal of the chiral auxiliary 
and the final protection of the liberated sulfonic acid. 
However, one still needs to optimize the reaction conditions to improve the yield in both the 
amine protection and the auxiliary cleavage steps.  
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3 CONCLUSION 
 
We have demonstrated a highly efficient diastereo- and enantioselective route to α,γ-
substituted γ-sultones via α-allylation of lithiated sulfonates bearing 1,2:5,6-di-O-
isopropylidene-α-D-allofuranose as a chiral auxiliary starting from the corresponding sulfonyl 
chloride (Scheme 64). High asymmetric inductions in the α-allylation step were achieved 
along with good to excellent yields and diastereomerically pure sulfonates (R)-102 could be 
obtained by recrystallization in all cases. Moreover, we have developed an alternative method 
for an epimerization-free cleavage of the chiral auxiliary using TFA instead of Pd(OAc)2. 
Eventually, acid-catalyzed cleavage of the chiral auxiliary and subsequent diastereoselective 
ring closure of the sulfonic acid intermediates were accomplished following a one-pot 
procedure. The desired enantiopure γ-sultones (R,R)-105 were obtained in good to excellent 
yields and excellent diastereo- and enantiomeric excesses (de, ee ≥ 98%).  
 
R1 SO3R*
R1 SO2Cl
R2
R3X
O
O
O
O
O CH3
CH3
H3C
H3C
101
S
OR1
R2
R3
O O
R1 SO3R*
R2
R3
a) 2% TFA/EtOH
    reflux 24 h
b) 2-30% TFA/CH2Cl2
     reflux
67-88%
64-90%
de = 78-90%, ee ≥ 98%
(de≥ 98% after chromatography)
72-98%
1
3
de = 82-95% 
(de ≥ 98% after recrystallization)
R*OH 
pyridine, EtOAc
rt, 16 h
1. n-BuLi, THF, −(90-95) °C, 1 h
2.
−(90-95) °C, 2 h then −78 °C, 15 h
R* =
R1 = phenyl, 4-tert-butylphenyl,
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Scheme 64. Asymmetric synthesis of α,γ-substituted γ-sultones. 
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The ring-opening reactions of these sultones were studied intensively with the purpose to 
develop an efficient asymmetric route to pharmacologically interesting sulfonic acid 
derivatives. In this study, we have proven that the ring-opening of γ-sultones proceeded via a 
SN2 mechanism with an inversion of configuration at the attacked γ-carbon atom. In total, we 
have achieved facile and highly efficient enantioselective syntheses of the γ-alkoxy sulfonates 
(R,S)-107, the γ-hydroxy sulfonates (R,S)-110 and the γ-amino sulfonates (R,S)-115 in 
excellent diastereo- and enantiomeric excesses of de, ee ≥ 98% in all cases via ring-opening 
reaction of the γ-sultones (R,R)-105 (Scheme 65).  
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Scheme 65. Synthetic application of chiral sultones in the asymmetric synthesis of γ-alkoxy,  
γ-hydroxy and γ-amino sulfonates. 
 
The syntheses of γ-alkoxy and γ-hydroxy sulfonates were successfully carried out by the ring-
opening of γ-sultones with alcohols and water, respectively. Whereas γ-amino sulfonates were 
obtained via a four steps sequence including a diastereoselecive ring-opening of γ-sultones 
with sodium azide, a protonation of the resultant sodium sulfonates, a protection of the 
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sulfonic acids as their isopropyl esters and finally a conversion of the azido group into a N-
Boc-amino group following a one-pot procedure. In addition, we have shown a selective 
removal of either the isopropyl or the Boc protecting groups without epimerization. 
Furthermore, we have gained access to α,β-substituted γ-hydroxy and γ-amino sulfonate 
derivatives from chiral γ-nitro sulfonates bearing 1,2:5,6-di-O-isopropylidene-α-D-
allofuranose as the chiral auxiliary, which were synthesized via an asymmetric Michael 
addition of chiral lithiated sulfonates to nitroalkenes (Scheme 66).   
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Scheme 66. Asymmetric synthesis of α,β-substituted γ-hydroxy and γ-amino sulfonates. 
 
A cleavage of the chiral auxiliary with a simultaneous conversion of the primary nitro group  
to the corresponding ester (R,R)-126c was accomplished in 78% yield by refluxing the 
substrates in a 2% TFA/EtOH for 2 days. A selective reduction of the ester group leaving the 
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methyl sulfonate intact was achieved by treatment with DIBAL at low temperatures. The 
desired α,β-substituted γ-hydroxy methyl sulfonate (R,R)-127 was obtained in an excellent 
yield of 95% as well as diastereo- and enantiomeric excesses (de, ee ≥ 98%). 
The synthesis of α,β-substituted γ-amino sulfonates was carried out in a three steps sequence. 
The Michael adduct 123 was reduced with soduim borohydride in the presence of 10% Pd-C 
as catalyst.  The protection of the resulting amine with CbzCl provided the N-Cbz-protected γ-
amino sulfonate 130 in moderate yield. Cleavage of the chiral auxiliary and protection of the 
resulting sulfonic acid led to the desired γ-amino sulfonates (R,R)-132 in moderate yield. 
Besides, we have demonstrated that the cleavage of the chiral auxiliary of the Michael adducts 
(R,R)-123 could lead to either γ-nitro sulfonates or β-alkoxycarbonyl sulfonates by using 
appropriate conditions (Scheme 67).  
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(R,R)-123
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Scheme 67. TFA catalyzed cleavage of the chiral auxiliary to form either the β-
ethoxycarbonyl methyl sulfonates 126 or the γ-nitro isopropyl sulfonates 128. 
 
Cleavage of the chiral auxiliary with simultaneous conversion of the primary nitro group to 
the corresponding ethyl ester (R,R)-126 was accomplished upon treatment with TFA in 
refluxing ethanol for 2 days. On the other hand, the chiral auxiliary could be cleaved 
selectively by the combination of the addition of the water and shorter reaction time. Thus, the 
desired γ-nitro isopropyl sulfonates (R,R)-128 were obtained in moderate to good yields by 
refluxing the Michael adducts (R,R)-123 in an EtOH/H2O solution containing 2% TFA for   
15 h and subsequent protection of the resulting sulfonic acids with triisopropylorthoformate.
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4 OUTLOOK 
 
In order to improve the yields in the synthesis of α,β-substituted γ-amino sulfonates, it was 
elected to optimize the reaction conditions of both the amine protection and the auxiliary 
cleavage steps. Our study stressed that in the future a stochiometric amount of protective 
reagent should be used in the amine protection to avoid a double protection. The replacement 
of the amine protective group by a more stable group towards acidic hydrolysis should be 
investigated. For examples, p-nitrobenzyl carbamate105  and benzyl carbamates substituted 
with one or more halogens, such as p-bromobenzyl carbamate, 106  p-chlorobenzyl 
carbamate,107  and 2,4-dichlorobenzyl carbamate,108  are known to be more stable to acid-
catalyzed hydrolysis than the unsubstituted benzyl carbamate. Moreover, they can also be 
cleaved by hydrogenolysis and therefore a selective cleavage ought to be possible since the 
isopropyl sulfonate is stable towards hydrogenation with Pd/C at atmospheric pressure.      
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R2 NH2
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Scheme 68. Synthesis of α,β-substituted γ-amino sulfonates. 
 
An extension of the application of sulfonates bearing 1,2:5,6-di-O-isopropylidene-α-D-
allofuranose as a chiral auxiliary to asymmetric syntheses of α- and β-amino sulfonic acids 
would be of great importance in the development of asymmetric approaches to sulfonic acid 
derivatives, since little attention has been paid to their syntheses either in racemic or in 
enantiomerically pure form.  
The asymmetric synthesis of α-amino sulfonates 133 should be achieved via α-azidation of the 
chiral sulfonates 101 with 2,4,6-triisopropylbenzenesulfonyl azide (Trisyl-N3), which has 
been used with success in the asymmetric synthesis of α-amino acids by Evans et al.109 
Removal of the chiral auxiliary, either before or after reduction and protection of the azide 
group should result in the desired  α-amino sulfonates 133 (Scheme 69). 
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Scheme 69. Asymmetric synthesis of α-amino sulfonates via α-azidation. 
 
In order to gain access to the optically active β-amino sulfonates 134, Mannich-type reactions 
of the chiral sulfonates 101 with aldimines should be investigated (Scheme 70). Yamamoto 
and co-workers have recently described asymmetric Mannich-type reactions of aldimines with 
a chiral acetate derived from 2,6-bis-(2-isopropylphenyl)-3,5-dimethylphenol in the presence 
of a Lewis acid affording the adducts in a very high diastereoselectivity.110   
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Scheme 70. Asymmetric synthesis of β-amino sulfonates via Mannich-type reactions. 
Outlook 
 77 
 
Very recently, the use of an excess base in LDA assisted asymmetric Mannich-type reactions 
of menthyl acetate with aldimines leading to the desired adducts in high stereoselectivity has 
been reported by Tomioka et al.111  
Furthermore, the application of sulfonate derived from 1,2:5,6-di-O-isopropylidene-α-D-
allofuranose should be extended to asymmetric syntheses of the α,β-epoxysulfonates 136 via 
Darzens reaction of aldehydes and ketones with the chiral sulfonate 135 (Scheme 71).  
Zwanenburg and Nkunya have reported the use of the chiral reagent L-mentyl 
chlorometanesulfonate for this transformation affording the desired α,β-epoxysulfonates in 
very poor diastereoselectivity (see Scheme 1). 
. 
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Scheme 71. Asymmetric synthesis of α,β-epoxysulfonates via Darzens reaction. 
 
However, high asymmetric inductions in the α-electrophilic addition of chiral lithiated 
sulfonates derived from 1,2:5,6-di-O-isopropylidene-α-D-allofuranose were reached only with 
the sulfonates possessing an aromatic group at the α-position. In marked contrast, akylation of 
chiral sulfonates bearing a propyl group at the α-position yielded alkylated sulfonates in a 
very poor diastereoselectivity. It is worth mentioning that variation of the reaction conditions,  
using LDA/THF, LDA/THF/DMPU, LHMDS/THF, LHMDS/THF/DMPU, KHMDS/THF, 
LTMP/THF and t-BuLi/THF did not improve the diastereoselectivity.  
Screening of other chiral auxiliaries for the sulfonates 137 possessing an allkyl group at the α-
position should be investigated. There have been several reports on asymmetric synthesis of 
α-substituted carboxylic acid derivatives using a chiral auxiliary controlling the diastereofacial 
enolate addition to electrophiles, such as 139,112 140,113, 141,114 142,115 and 143.116  These 
chiral auxiliaries should be privileged for further studies on asymmetric α-alkylation of 
sulfonates type 137.  
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Scheme 72. Asymmetric α-alkylation of the sulfonates 137. 
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5 EXPERIMENTAL SECTION 
 
5.1 General remarks 
 
All moisture-sensitive reactions were carried out using standard Schlenk techniques unless 
stated otherwise. Preparative column chromatography used Merck silica gel 60, particle size 
0.040-0.063 mm (230-240 mesh, flash). Analytical TLC used silica-gel 60 F254 plates from 
Merck, Darmstadt. Optical rotation values were measured with a Perkin-Elmer P241 
polarimeter. Microanalyses were obtained with a Vario EL element analyzer. Mass spectra 
were acquired with a Finnigan SSQ7000 (CI 100 eV, EI 70 eV) spectrometer. High-resolution 
mass spectra were recorded with a Finnigan MAT95 spectrometer. IR spectra were taken with 
a Perkin-Elmer FT/IR 1760 instrument. 1H and 13C NMR spectra were recorded with Gemini 
300 or Varian Inova 400 instruments and all measurements were performed with 
tetramethylsilane as internal standard. Melting points were determined with a Tottoli melting 
point apparatus and are uncorrected. 
 
5.1.1 Solvents 
Solvents were dried and purified by conventional methods prior to use. Absolute THF and 
Et2O were freshly distilled from sodium-lead alloy under argon. Absolute CH2Cl2 was washed 
with conc. H2SO4, NaHCO3, dried with MgSO4 and freshly distilled from calcium hydride 
under argon. Absolute methanol was distilled from Mg, whereas absulute ethanol, n-propanol 
and i-propanol were purchased from Merck, Darmstadt. Absolute DMF was purchased from 
Acros. 
. 
5.1.2 Chemicals 
Reagents of commercial quality were used from freshly opened containers or purified by 
common methods. n-BuLi (1.6 M in hexane) was purchased from Merck, Darmstadt. 1,2:5,6-
di-O-Isopropylidene-α-D-glucofuranose, benzylsulfonyl chloride, (4-tert-butyl)benzyl 
bromide, allyl iodide, 85% (E)-crotyl bromide, 99% TFA, 95% triisopropylorthoformate were 
purchased from Acros. 3-Bromo-2-methyl-propene and 1M DIBAL in CH2Cl2 were 
purchased from Aldrich. (2-Naphthyl)methyl bromide and Boc2O were purchased from Fluka. 
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5.2 General procedures (GP) 
 
5.2.1 GP 1: Allylation of cyclohexyl sulfonates  
The cyclohexyl sulfonate 97 (1.0 equiv.) was dissolved in dry THF (10 mL per mmol) 
and cooled to between at −90 to −95 °C under argon. n-BuLi (1.0 equiv.) was added dropwise. 
After stirring for 1 h, the allylic halide (1.5 equiv.) was added dropwise. The reaction mixture 
was stirred at −78 °C and slowly warmed up to room temperature overnight (15 h). The 
mixture was quenched with water. After separation of the organic layer the aqueous phase was 
extracted with CH2Cl2. The combined organic layers were washed with water, brine and dried 
with MgSO4. The solvent was evaporated under reduced pressure and the crude product was 
purified by flash column chromatography (SiO2, diethyl ether/n-pentane) to give the allylated 
cyclohexyl sulfonate 98. 
 
5.2.2 GP 2: Preparation of chiral sulfonates  
To a solution of 1,2:5.6-di-O-isopropyliden-α-D-allofuranose (100) in ethyl acetate (5 mL per 
mmol) was added pyridine (3 eq.). The mixture was cooled to 0 ºC and an appropriate 
sulfonyl chloride (1.1 eq.) was slowly added. After stirring at room temperature overnight (16 
h), the mixture was quenched with water. After separation of the organic layer the aqueous 
phase was extracted with ethyl acetate. The combined organic layers were washed with 1N 
HCl, water, brine and dried with MgSO4. The solvent was evaporated under reduced pressure 
and the crude product was purified by recystallization to give the chiral sulfonate 101. 
 
5.2.3 GP 3: Allylation of chiral sulfonates  
The enantiopure sulfonate 101 (1.0 equiv.) was dissolved in dry THF (10 mL per mmol) 
and cooled to between −90 to −95 ºC under argon. n-BuLi (1.0 equiv.) was added dropwise. 
After stirring for 1 h, the allylic halide (1.5 equiv.) was added dropwise. The reaction mixture 
was stirred at −90 to −95 ºC for 2 h, then stirring was continued at −78 °C overnight. The 
mixture was quenched with water. After separation of the organic layer the aqueous phase was 
extracted with CH2Cl2. The combined organic layers were washed with water, brine and dried 
with MgSO4. The solvent was evaporated under reduced pressure and the crude product was 
purified by flash column chromatography (SiO2, diethyl ether/n-pentane)  to give the allylated 
sulfonate 102. 
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5.2.4 GP 4: Removal of the chiral auxiliary to give the -allylated methyl sulfonates  
A mixture of the sulfonate (R)-102 (0.5 mmol) and a 2% TFA/EtOH solution (20 mL, 98% 
ethanol was used) was refluxed for 24 h. The resulting colorless solution was treated with an 
ethereal solution of diazomethane until the yellow color persisted. The solvent was evaporated 
under reduced pressure and the crude product was purified by flash column chromatography 
(SiO2, diethyl ether/n-pentane) to give the methyl sulfonates 104. 
 
5.2.5 GP 5: Removal of the chiral auxiliary and cyclization to give the α,γ-substituted γ-
sultones in a one-pot procedure 
A mixture of the sulfonate (R)-102 (1.0 mmol) and a 2% TFA/EtOH solution (40 mL) was 
refluxed for 24 h, the solvent was removed under reduced pressure and the crude sulfonic acid 
was used in the next reaction step without further purification. The crude product 3 was 
dissolved in a TFA/CH2Cl2 solution (20 mL) and the reaction mixture was refluxed. The 
mixture was quenched with water. After separation of the organic layer the aqueous phase was 
extracted with CH2Cl2. The combined organic layers were washed with saturated aqueous 
NaHCO3 solution. After drying over MgSO4 the solvent was evaporated and the crude product 
was purified by flash column chromatography (SiO2, diethyl ether/n-pentane) to give the γ-
sultone 105. 
 
5.2.6 GP 6: Synthesis of α,γ-substituted γ-alkoxy methyl sulfonates  
A solution of the enantiopure sultone 105 in the corresponding alcohol (30 mL per 0.5 mmol) 
was refluxed for either 3 or 7 days. The resulting colourless solution was treated with an 
etheral solution of diazomethane until the yellow colour persisted. The solvent was evaporated 
under reduced pressure and the crude product was purified by flash column chromatography 
(SiO2, diethyl ether/n-pentane) to give the γ-alkoxy methyl sulfonate 107.  
 
5.2.7 GP 7: Synthesis of α,γ-substituted γ-hydroxy methyl sulfonates  
The enantiopure sultone 105 (0.25 mmol) was dissolved in a H2O-acetone solution (5:10 mL). 
The solution was heated at reflux for 3 d until disappearance of the starting material (TLC 
monitoring). After removal of acetone under reduced pressure, EtOH (10 mL) was added. The 
resulting colorless ethanolic solution was treated with an etheral solution of diazomethane 
until the yellow color persisted. It is noteworthy that an extremely large amount of an etheral 
solution of diazomethane was used for treatment of the reaction mixture in aqueous acetone 
until the yellow color persisted. The solvent was evaporated under reduced pressure and the 
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aqueous residue was extracted with Et2O. The combined organic layers were washed with 
brine and dried with Na2SO4. The solvent was evaporated under reduced pressure and the 
crude product was purified by flash column chromatography (SiO2, diethyl ether/n-pentane)  
to give the γ-hydroxy methyl sulfonate 110. 
 
5.2.8 GP 8: Synthesis of α,γ-substituted γ-azido isopropyl sulfonates  
A mixture of the enantiopure sultone 105 (0.5 mmol), NaN3 (2.5 mmol) and NH4Cl (1.1 mmol) 
in dry DMF (5 mL) was heated at 60 ºC under argon for 2 h. DMF was removed under 
vacuum and the resulting sodium sulfonate 112 was treated with an excess of methanolic HCl. 
After removal of methanol under vacuum, the solid was triturated with dichloromethane for 
30 min and filtered twice. The combined dichloromethane fractions were evaporated under 
reduced pressure to give the sulfonic acid 113. A solution of the crude sulfonic acid and 
triisopropyl orthoformate (5 mmol) in CH2Cl2 (5 mL) was refluxed for 2 h. The solvent was 
evaporated under reduced pressure and the crude product was purified by flash column 
chromatography (SiO2, Et2O/n-pentane) to give the γ-azido isopropyl sulfonate 114. 
 
5.2.9 GP 9: Synthesis of α,γ-substituted N-Boc-protected γ-amino isopropyl sulfonates  
A suspension of 10% Pd/C in ethyl acetate was stirred vigorously under hydrogen at 
atmospheric pressure for 2 h, after which a mixture of the γ-azido sulfonate 114 and di-tert-
butyl dicarbonate (Boc2O) (1.2 equiv) in ethyl acetate was added. The reaction mixture was 
stirred at room temperature until all starting material had disappeared (18-22 h, TLC 
monitoring). The catalyst was filtered off through a pad of celite and washed with ethyl 
acetate. The filtrate was evaporated under reduced pressure and the crude product was purified 
by flash column chromatography (SiO2, Et2O/n-pentane) to give the N-Boc-protected γ-amino 
sulfonate 115.  
  
5.2.10 GP 10: Removal of the chiral Auxiliary to give the α,β-disubstituted  
β-alkoxycarbonyl methyl sulfonates  
The Michael adduct 123 (1 mmol) was dissolved in EtOH (30 mL). To the solution was added 
Pd(OAc)2 (20 mol%) and the mixture was refluxed for 7 days. The palladium residues were 
removed by filtration and the filter cake was washed twice with EtOH. The filtrate was treated 
with an ethereal solution of diazomethane until the yellow color persisted. The solvent was 
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evaporated under reduced pressure and the crude product was purified by flash column 
chromatography (SiO2, Et2O/n-pentane) to give the β-alkoxycarbonyl sulfonates 126. 
 
5.2.11 GP 11: Removal of the chiral auxiliary to give the α,β-disubstituted  
γ-nitro isopropyl sulfonates  
A mixture of the Michael adduct 123 (1 mmol) in a solution of 2% TFA/EtOH (18 mL) and 
H2O (2 mL) was refluxed for 15 h. After removal of the solvent in vacuo, the crude sulfonic 
acid was dissolved in dichloromethane (10 mL) and triisopropylorthoformate (0.8 mL, 5 
mmol) was added. The mixture was refluxed for 3 h. The solvent was evaporated under 
reduced pressure and the crude product was purified by flash column chromatography (SiO2, 
Et2O/n-pentane) to give the γ-nitro isopropyl sulfonates 128. 
 
5.3 Allylation of cyclohexyl sulfonates  
 
5.3.1 Cyclohexyl 1-phenyl-3-butene sulfonate (98a) 
 
S
O
OO  
 
According to GP 1, the sulfonate 97a (1.27 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with allyl bromide (0.65 mL, 7.5 mmol). Workup and flash 
column chromatography (Et2O/pentane, 5:95) gave 98a as a colorless solid. 
 
Yield:                            1.21 g             (82%)                                           
Melting point:              mp = 40 ºC                  
TLC:                             Rf = 0.44         (Et2O/pentane 1:6)  
 
IR (KBr):ν%  = 2930 (s), 2862 (m), 2199 (w), 1457 (s), 1349 (s), 1333 (s), 1166 (s), 1120 (w), 
961 (m), 932 (s), 895 (s), 872 (s), 830 (m), 795 (w), 780 (w), 730 (s), 702 (s), 642 (m), 616 
(m), 556 (s) cm−1. 
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1H NMR (400 MHz, CDCl3): δ = 1.10-1.90 (m, 10H, CH2-c-Hex), 2.93 (m, 1H, 
CHHCH=CH2), 3.12 (m, 1H, CHHCH=CH2), 4.19 (dd, J = 4.1, 11.3 Hz, 1H, CHSO3), 4.45 
(m, 1H, SO3CH-c-Hex), 5.05 (ddd, J = 1.1, 2.3, 10.2 Hz, 1H, CHH=CH), 5.08 (ddd, J = 1.4, 
3.0, 17.0 Hz, 1H, CHH=CH), 5.56 (m, 1H, CH2CH=CH2), 7.30 - 7.40 (m, 5H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 23.3, 24.8, 32.2, 32.9 (CH2-c-Hex), 34.3 (CH2CH=CH2), 
67.4 (CHSO3), 82.1 (SO3CH-c-Hex), 118.4 (CH2=CH), 128.45, 128.76, 129.49 (ArCH), 132.0 
(ArC), 132.7 (CH=CH2) ppm. 
 
MS (EI, 70 eV): m/z (%) = 131 (100) [M+−C6H11OSO2], 91 (15) [C7H7+]. 
 
Elemental Analysis: 
Anal. Calcd for C16H22O3S: C, 65.28; H, 7.53. Found: C, 65.22; H, 7.51. 
 
5.3.2 Cyclohexyl 1-(4-tert-butylphenyl)-3-butene sulfonate (98b) 
 
S
O
OO
t-Bu  
 
According to GP 1, the sulfonate 97b (1.55 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with allyl bromide (0.65 mL, 7.5 mmol). Workup and flash 
column chromatography (Et2O/pentane, 5:95) gave 98b as a colorless solid. 
 
Yield:                            1.43 g             (82%)                                           
Melting point:              mp = 57 ºC                  
TLC:                             Rf = 0.72         (Et2O/pentane 1:6)  
 
IR (KBr):ν%  = 2952 (s), 2924 (s), 2857 (s), 1640 (m), 1562 (w), 1509 (w), 1454 (s), 1357 (s), 
1313 (m), 1267 (m), 1203 (m), 1167 (s), 1129 (m), 1030 (w), 1005 (s), 945 (s), 894 (s), 866 
(s), 827 (s), 781 (w), 655 (m), 609 (s) cm−1. 
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1H NMR (400 MHz, CDCl3): δ = 1.10-1.94 (m, 10H, CH2-c-Hex), 1.31 [s, 9H, C(CH3)3], 
2.93 (m, 1H, CHHCH=CH2), 3.12 (m, 1H, CHHCH=CH2), 4.17 (dd, J = 4.1, 11.0 Hz, 1H, 
CHSO3), 4.38 (m, 1H, SO3CH-c-Hex), 5.05 (dd, J = 1.1, 10.0 Hz, 1H, CHH=CH), 5.10 (dd, 
J = 1.4, 17.0 Hz, 1H, CHH=CH), 5.56 (m, 1H, CH2CH=CH2), 7.30 - 7.39 (m, 4H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 23.4, 24.8 (CH2-c-Hex), 31.2 [C(CH3)3], 32.1, 33.0 (CH2-
c-Hex), 34.3 (CH2CH=CH2), 34.6 [C(CH3)3], 67.2 (CHSO3), 82.3 (SO3CH-c-Hex), 118.2 
(CH2=CH), 125.4 (ArCH), 128.8 (ArC), 129.1 (ArCH), 132.9 (CH=CH2), 151.8 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 335 (1) [M+−CH3], 253 (2), 187 (58), 129 (19), 57 (100). 
 
Elemental Analysis: 
Anal. Calcd for C20H30O3S: C, 68.53; H, 8.63. Found: C, 68.87; H, 8.85. 
 
5.3.3 Cyclohexyl 1-phenyl-3-pentene sulfonate (98c)  
 
S
O
OO
CH3
 
 
According to GP 1, the sulfonate 97a (1.27 mg, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 85% (E)-crotyl bromide (0.80 mL, 7.5 mmol). Work-up 
and flash column chromatography (Et2O/pentane, 5:95) gave 98c as a colorless solid. 
 
Yield:                            1.07 g             (70%)                                           
Melting point:              mp = 68 ºC                  
TLC:                             Rf = 0.42         (Et2O/pentane 1:6)  
 
IR (KBr):ν%  = 3029 (m), 2940 (s), 2860 (s), 1496 (m), 1453 (s), 1355 (s), 1288 (m), 1224 (m), 
1163 (s), 1034 (m), 976 (s), 942 (s), 864 (s), 830 (s), 696 (s), 628 (s), 572 (s) cm−1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.15-1.90 (m, 10H, CH2-c-Hex), 1.54 [dd, J = 1.1, 6.6 Hz, 
3H, (E) CH3CH=CH], 2.85 [(E)] and 2.92 [each m, 1H, (Z) CHHCH=CHCH3], 3.05 [(E)] and 
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3.13 [each m, 1H, (Z) CHHCH=CHCH3], 4.12 (dd, J = 4.1, 11.0 Hz, 1H, CHSO3), 4.44 (m, 
1H, SO3CH-c-Hex), 5.16 (m, 1H, CH2CH=CHCH3), 5.50 (m, 1H, CH2CH=CHCH3), 7.34-
7.43 (m, 5H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3, (E)-isomer]: δ = 17.8 [CH3CH=CH], 23.3, 24.8, 32.1, 32.9 
(CH2-c-Hex), 33.3 (CH2CH=CH), 67.9 (CHSO3), 81.8 (SO3CH-c-Hex), 124.3 
(CH2CH=CHCH3), 128.4, 129.0 (ArCH), 129.46 (CH2CH=CHCH3), 129.52 (ArCH), 132.3 
(ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 308 (1) [M+], 227 (4), 172 (2), 145 (100), 129 (9), 117 (10), 91 
(10), 55 (10). 
 
Elemental Analysis: 
Anal. Calcd for C17H24O3S: C, 66.20; H, 7.84. Found: C, 66.13; H, 7.62. 
 
5.3.4 Cyclohexyl 1-(4-tert-butylphenyl)-3-pentene sulfonate (98d) 
 
S
O
OO
t-Bu
CH3
 
 
According to GP 1, the sulfonate 97b (1.55 mg, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 85% (E)-crotyl bromide (0.80 mL, 7.5 mmol). Workup and 
flash column chromatography (Et2O/pentane, 5:95) gave 98d as a colorless liquid. 
 
Yield:                            1.33 g              (73%)                                           
TLC:                             Rf = 0.43         (Et2O/pentane 1:6)  
 
IR (CHCl3):ν%  = 3030 (m), 2939 (s), 2863 (s), 1513 (m), 1451 (s), 1415 (m), 1355 (s), 1269 
(m), 1167 (s), 1112 (m), 1026 (m), 1003 (m), 931 (s), 868 (s), 825 (m), 757 (m), 612 (s) cm−1. 
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1H NMR (400 MHz, CDCl3): δ = 1.10-1.90 (m, 10H, CH2-c-Hex), 1.31 [s, 9H, C(CH3)3], 
1.56 [dd, J = 1.1, 6.6 Hz, 3H, (E) CH3CH=CH], 2.85 [(E)] and 2.90 [each m, 1H, (Z) 
CHHCH=CHCH3], 3.03 [(E)] and 3.14 [each m, 1H, (Z) CHHCH=CHCH3], 4.10 (dd, J = 4.1, 
10.7 Hz, 1H, CHSO3), 4.37 (m, 1H, SO3CH-c-Hex), 5.20 (m, 1H, CH2CH=CHCH3), 5.51 (m, 
1H, CH2CH=CHCH3), 7.30-7.40 (m, 4H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3, (E)-isomer]: δ = 17.8 [CH3CH=CH], 23.4, 24.8 (CH2-c-Hex), 
31.2 [C(CH3)3],  32.1, 33.0 (CH2-c-Hex), 33.2 (CH2CH=CH), 34.6 [C(CH3)3], 67.7 (CHSO3), 
82.1 (SO3CH-c-Hex), 125.3, 129.2 (CH2CH=CHCH3 and ArCH), 128.8 (CH2CH=CHCH3), 
129.1, 151.7 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 364 (1) [M+], 267 (1), 201 (15), 143 (32), 57 (100). 
 
Elemental Analysis: 
Anal. Calcd for C21H32O3S: C, 69.19; H, 8.85. Found: C, 69.17; H, 9.06. 
 
5.3.5 Cyclohexyl 3-methyl-1-phenyl-3-butene sulfonate (98e)    
 
S
O
OO
CH3
 
 
According to GP 1, the sulfonate 97a (1.27 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 3-bromo-2-methylpropene (0.76 mL, 7.5 mmol). Workup 
and flash column chromatography (Et2O/pentane, 5:95) gave 98e as a colorless solid.  
 
Yield:                            1.22 mg          (79%)                                           
Melting point:              mp = 68 ºC                  
TLC:                             Rf = 0.61         (Et2O/pentane 1:6)  
 
IR (KBr):ν%  = 2937 (s), 2860 (m), 2184 (w), 1655 (m), 1495 (m), 1454 (s), 1377 (s), 1359 (s), 
1322 (m), 1263 (m), 1166 (s), 1081 (w), 925 (vs), 901 (s), 892 (s), 869 (s), 827 (s), 739 (m), 
699 (s), 581 (s) cm−1. 
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1H NMR (400 MHz, CDCl3): δ = 1.18 - 1.90 (m, 10H, CH2-c-Hex), 1.62 (s, 3H, CH3C=CH2), 
2.91 (ddd, J = 0.8, 11.5, 14.3 Hz, 1H, CHHC=CH2), 3.09 (dd, J = 3.6, 14.6 Hz, 1H, 
CHHC=CH2), 4.34 (dd, J = 3.6, 11.5 Hz, 1H, CHSO3), 4.44 (m, 1H, SO3CH-c-Hex), 4.64 (m, 
1H, CHH=C), 4.71 (m, 1H, CHH=C), 7.32 - 7.42 (m, 5H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 22.1 (CH3), 23.3, 24.8, 32.1, 32.9 (CH2-c-Hex), 37.7 
(CH2C=CH2), 66.3 (CHSO3), 82.0 (SO3CH-c-Hex), 114.3 (CH2=CH), 128.3, 128.7, 129.5 
(ArCH), 132.1 (ArC), 139.7 (C=CH2) ppm. 
 
MS (CI, 100 eV, isobutane): m/z (%) = 309 (15) [M++1], 227 (100), 144 (13). 
 
Elemental Analysis: 
Anal. Calcd for C17H24O3S: C, 66.20; H, 7.84. Found: C, 65.85; H, 7.86. 
 
5.3.6 Cyclohexyl 1-(4-tert-butylphenyl)-3-methyl-3-butene sulfonate (98f) 
 
S
O
OO
CH3
t-Bu  
 
According to GP 1, the sulfonate 97b (1.55 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 3-bromo-2-methylpropene (0.76 mL, 7.5 mmol). Workup 
and flash column chromatography (Et2O/pentane, 5:95) gave 98f as a colorless solid. 
 
Yield:                            1.65 g             (91%)                                           
Melting point:              mp = 62 ºC                  
TLC:                             Rf = 0.88         (Et2O/pentane 1:6)  
 
IR (KBr):ν%  = 2963 (s), 2937 (s), 2854 (s), 1652 (m), 1514 (m), 1452 (s), 1353 (s), 1342 (s), 
1269 (m), 1166 (s), 1122 (w), 1021 (w), 956 (s), 933 (s), 896 (s), 871 (s), 833 (s), 781 (m), 
735 (w), 604 (s), 573 (m) cm−1. 
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1H NMR (400 MHz, CDCl3): δ = 1.10-1.90 (m, 10H, CH2-c-Hex), 1.31 [s, 9H, C(CH3)3)], 
1.63 (s, 3 H, CH3C=CH2), 2.90 (dd, J = 11.5, 14.6 Hz, 1H, CHHC=CH2), 3.08 (dd, J = 3.6, 
14.3 Hz, 1H, CHHC=CH2), 4.33 (dd, J = 3.9, 11.5 Hz, 1H, CHSO3), 4.34 (m, 1H, SO3CH-c-
Hex), 4.66 (m, 1H, CHH=C), 4.72 (m, 1H, CHH=C), 7.32 and 7.36 [each d (AB system), J = 
8.5 Hz, 2H, ArH] ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 22.2 (CH3), 23.4, 24.8 (CH2-c-Hex), 31.2 [C(CH3)3], 32.0, 
33.0 (CH2-c-Hex), 34.6 [C(CH3)3], 37.6 (CH2C=CH2), 66.1 (CHSO3), 82.3 (SO3CH-c-Hex), 
114.1 (CH2=CH), 125.3, 129.1 (ArCH), 128.9 (ArC), 139.8 (C=CH2), 151.7 (ArC) ppm. 
 
MS (CI, 100 eV, isobutane): m/z (%) = 365 (5) [M++1], 283 (100), 219 (16), 201 (94), 163 
(46). 
 
Elemental Analysis: 
Anal. Calcd for C21H32O3S: C, 69.19; H, 8.85. Found: C, 69.10; H, 8.84. 
 
5.4 Preparation of chiral sulfonates  
 
5.4.1 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose phenylmethane sulfonate (101a) 
 
O
O
O
O
O CH3
CH3
H3C
H3C
O
S O
O
 
 
According to GP 2, a mixture of 1,2:5.6-Di-O-isopropyliden-α-D-allofuranose (100) (10.42 g, 
40 mmol), pyridine (9.7 mL, 120 mmol) and benzylsulfonylchloride (8.38 g, 44 mmol) in 
ethyl acetate (200 mL) was stirred at room temperature for 16 h. The crude product was 
purified by recrystallization twice from ethanol to provide the product 101a as a colorless 
solid. 
 
Yield:                                 14.6 g               (88%)                                           
Melting point:                   mp = 130 ºC                  
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TLC:                                  Rf = 0.32         (Et2O/pentane 1:1)  
Optical rotation:               [α] 27D  = +59.1 (c 1.0, CHCl3)     
 
IR (KBr): ν%  =  2982 (m), 1496 (w), 1458 (w), 1368 (s), 1317 (w), 1266 (s), 1222 (s), 1177 (s), 
1162 (s), 1123 (m), 1084 (m), 1043 (s), 1016 (s), 873 (s), 854 (s), 829 (s), 700 (m), 646 (w), 
619 (m), 559 (w) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ =  1.36, 1.37, 1.46, 1.60 [each s, 3 H, (O)2C(CH3)2], 3.84 (dd, 
J = 6.3, 8.5 Hz, 1H, CHHOC), 4.01 (dd, J = 6.9, 8.5 Hz, 1H, CHHOC), 4.15 [dd, J = 4.1, 
8.5 Hz, 1H, CH(OC)CH(OC)CH2O], 4.26 [dt, J = 6.3, 6.6 Hz, 1H, CH(OC)CH2O], 4.44 (d, 
J = 14.0 Hz, 1H, CHHSO3), 4.53 (d, J = 14.0 Hz, 1H, CHHSO3), 4.56 [dd, J = 4.1, 4.60 Hz, 
1H, CH(OC)CH(OC)2], 4.76 (dd, J = 4.7, 8.5 Hz, 1H, CHOSO2), 5.77 [d, J = 3.9 Hz, 
CH(OC)2], 7.37-7.50 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 25.1, 26.2, 26.65, 26.68 [2 × (O)2C(CH3)2],  57.6 (CH2SO3), 
65.2 (CH2OC), 74.6, 76.8, 77.0, 77.8 (CHO), 103.6 [CH(OC)2], 110.0, 113.6 [(O)2C(CH3)2], 
127.4 (ArC), 128.9, 129.2, 130.9 (ArCH) ppm. 
 
MS (EI, 70 eV): m/z (%) = 399 (36) [M+−CH3], 113 (47), 101 (60), 91 (100) [C7H7+].  
 
Elemental Analysis: 
Anal. Calcd for C19H26O8S: C, 55.06; H, 6.32. Found: C, 54.81; H, 6.47. 
 
5.4.2 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (4-tert-butylphenyl)-methane sulfo-
nate (101b) 
 
O
O
O
O
O CH3
CH3
H3C
H3C
O
S O
Ot-Bu
 
 
To a solution of sodium (4-tert-butylphenyl)-methane sulfonate (11.52 g, 46 mmol) in dry 
DMF (200 mL) was added dropwise thionylchloride (18 mL) at 0 ºC. The mixture was stirred 
at 0 ºC for 3 h and then quenched with water. After separation of the organic layer the 
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aqueous phase was extracted with ethyl acetate. The combined organic layers were washed 
with water, brine and dried with MgSO4. The solvent was evaporated under reduced pressure 
and the crude sulfonyl chloride was used in the next step without further purification. 
 According to GP 2, a mixture of 1,2:5.6-Di-O-isopropyliden-α-D-allofuranose (100) (6.2 g, 
24 mmol), pyridine (5.6 mL, 72 mmol) and the crude (4-tert-butylphenyl)methyl-
sulfonylchloride in ethyl acetate (100 mL) was stirred at room temperature for 16 h. The crude 
product was purified by recrystallization from ethanol to provide the product 101b as a 
colorless solid and the filtrate was purified again by flash column chromatography 
(Et2O/pentane, 1:3) gave 101b as a colorless solid. 
 
Yield:                                 9.19 g             (82%)                                           
Melting point:                   mp = 97 ºC                  
TLC:                                  Rf = 0.43         (Et2O/pentane 1:1)  
Optical rotation:               [α] 28D  = +49.5 (c 1.0, CHCl3)     
 
IR (KBr):ν%  = 2980 (s), 2881 (w), 1515 (w), 1497 (w), 1373 (s), 1316 (w), 1265 (s), 1241 (m), 
1213 (s), 1179 (s), 1121 (s), 1078 (m), 1042 (s), 1016 (s), 975 (m), 873 (s), 839 (s), 609 (s), 
585 (m), 545 (m), 527 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ =  1.32 [s, 9H, C(CH3)3], 1.36, 1.40, 1.46, 1.60 [each s, 3 H, 
(O)2C(CH3)2], 3.85 (dd, J = 6.3, 8.5 Hz, 1H, CHHOC), 4.01 (dd, J = 6.9, 8.5 Hz, 1H, 
CHHOC), 4.16 [dd, J = 4.1, 8.5 Hz, 1H, CH(OC)CH(OC)CH2O], 4.28 (m, 1H, 
CH(OC)CH2O), 4.41 (d, J = 14.0 Hz, 1H, CHHSO3), 4.51 (d, J = 14.0 Hz, 1H, CHHSO3), 
4.62 [dd, J = 3.9, 4.7 Hz, 1H, CH(OC)CH(OC)2], 4.77 (dd, J = 4.7, 8.5 Hz, 1H, CHOSO2), 
5.77 [d, J = 3.8 Hz, CH(OC)2], 7.30-7.40 (m, 4H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 25.17, 26.23, 26.70, 26.72 [2 × (O)2C(CH3)2], 31.2 
[C(CH3)3], 34.7 [C(CH3)3], 57.3 (CH2SO3), 65.3 (CH2OC), 74.7, 76.9, 77.1, 77.9 (CHO), 
103.8 [CH(OC)2], 110.1, 113.7 [(O)2C(CH3)2], 124.3 (ArC), 125.9, 130.5 (ArCH), 152.3 (ArC) 
ppm. 
 
MS (EI, 70 eV): m/z (%) = 470 (1) [M+], 455 (40) [M+−CH3], 147 (100) [C11H15+], 113 (35), 
101 (48).  
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Elemental Analysis: 
Anal. Calcd for C23H34O8S: C, 58.71; H, 7.28. Found: C, 58.71; H, 7.18. 
 
5.4.3 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose naphthalen-2-yl-methane sulfonate 
(101c) 
 
O
O
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O CH3
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H3C
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According to GP 2, a mixture of 1,2:5.6-Di-O-isopropyliden-α-D-allofuranose (100) (1.82 g, 7 
mmol), pyridine (1.7 mL, 21 mmol) and (2-naphthyl)methylsulfonylchloride (2.41 g, 10 mmol) 
in ethyl acetate (50 mL) was stirred at room temperature for 16 h. The crude product was 
purified by recrystallization twice from ethanol to provide the product 101c as a colorless 
solid. 
 
Yield:                                 2.18 g              (67%)                                           
Melting point:                   mp = 149 ºC                  
TLC:                                  Rf = 0.34         (Et2O/pentane 1:1)  
Optical rotation:               [α] 24D  = +43.1 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3056 (m), 2991 (s), 2929 (s), 2890 (s), 1601 (m), 1509 (m), 1458 (m), 1377 (s), 
1222 (s), 1182 (s), 1104 (m), 1020 (s), 882 (s), 835 (s), 744 (s), 650 (m), 570 (m), 515 (s) cm-1.   
 
1H NMR (400 MHz, CDCl3): δ =  1.32, 1.34, 1.45, 1.60 [each s, 3 H, (O)2C(CH3)2], 3.85 (dd, 
J = 6.3, 8.5 Hz, 1H, CHHOC), 3.98 (dd, J = 6.9, 8.5 Hz, 1H, CHHOC), 4.15 [dd, J = 4.1, 
8.5 Hz, 1H, CH(OC)CH(OC)CH2O], 4.25 [dt, J = 4.1, 6.3 Hz, 1H, CH(OC)CH2O], 4.59 [dd, 
J = 4.1, 4.4 Hz, 1H, CH(OC)CH(OC)2], 4.61 (d, J = 14.0 Hz, 1H, CHHSO3), 4.69 (d, J = 14.0 
Hz, 1H, CHHSO3), 4.75 (dd, J = 4.7, 8.5 Hz, 1H, CHOSO2), 5.75 [d, J = 3.8 Hz, CH(OC)2], 
7.52 (m, 2H, ArH), 7.57 (dd, J = 1.9, 8.5 Hz, 1H, ArH),  7.82-7.89 (m, 3H, ArH), 7.95 (s, 1H, 
ArH) ppm. 
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13C NMR (100 MHz, CDCl3): δ = 25.1, 26.2, 26.6, 26.7 [2 × (O)2C(CH3)2],  57.9 (CH2SO3), 
65.2 (CH2OC), 74.6, 76.8, 77.1, 77.8 (CHO), 103.6 [CH(OC)2], 110.0, 113.6 [(O)2C(CH3)2], 
124.7 (ArC), 126.4, 126.7, 127.5, 127.6, 127.8, 128.5, 130.5 (ArCH), 132.9, 133.1 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 449 (0.1) [M+−CH3], 222 (21), 141 (100), 115 (13), 71 (4).    
 
Elemental Analysis: 
Anal. Calcd for C23H28O8S: C, 59.47; H, 6.08. Found: C, 59.52; H, 6.20. 
 
5.5 Allylation of chiral sulfonates 
 
5.5.1 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (R)-1-phenyl-3-butene sulfonate 
[(R)-102a] 
 
O
O
O
O
O CH3
CH3
H3C
H3C
O
S O
O
 
 
According to GP 3, the sulfonate 101a (2.07 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with allyl iodide (0.75 mL, 7.5 mmol). Workup and flash 
column chromatography (Et2O/pentane, 1:4) gave (R)-102a (2.22 g, 98%); de = 95% (NMR). 
The major diastereomer was obtained as a colorless solid after recrystallization from 2-
propanol.  
 
Yield:                                 2.22 g           (72%)                                           
Melting point:                   mp = 149 ºC                  
TLC:                                  Rf = 0.48     (Et2O/pentane 1:1)  
Diastereomeric excess:     de = 95%    (13C NMR) 
                                           de ≥ 98%     (1H NMR, after recrystallization from 2-propanol) 
Optical rotation:               [α] 24D  = +77.0 (c 1.0, CHCl3)     
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IR (KBr): ν%  = 2978 (w), 2934 (w), 1497 (w), 1457 (m), 1370 (s), 1355 (s), 1313 (m), 1255 
(s), 1220 (s), 1172 (s), 1115 (s), 1054 (s), 1038 (s), 1015 (s), 1001 (s), 933 (m), 880 (s), 864 
(m), 840 (s), 810 (m), 698 (m), 627 (m), 571 (m), 503 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.33, 1.37, 1.46, 1.57 [each s, 3H, (O)2C(CH3)2], 2.96 (m, 
1H, CHHCH=CH2), 3.21 (m, 1H, CHHCH=CH2), 3.89 (dd, J = 6.6, 8.5 Hz, 1H, CHHOC), 
4.04 (dd, J = 6.9, 8.5 Hz, 1H, CHHOC), 4.14 [dd, J = 3.9, 8.5 Hz, 1H, 
CH(OC)CH(OC)CH2O], 4.26-4.32 [m, 2H, CH(OC)CH(OC)2 and CH(OC)CH2O], 4.37 (dd, J 
= 4.1, 11.3, 1H, CHSO3), 4.68 (dd, J = 4.7, 8.8 Hz, 1H, CHOSO2), 5.01 (dd, J = 1.4, 10.2 Hz, 
1H, CHH=CH), 5.08 (dd, J = 1.4, 17.0 Hz, 1H, CHH=CH), 5.54 [ddt (ABX2 system), J = 6.9, 
10.2, 17.0 Hz, 1H, CH2CH=CH2], 5.72 [d, J = 3.9 Hz, 1H, CH(OC)2], 7.36-7.41 (m, 3H, ArH), 
7.43-7.48 (m, 2H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 25.2, 26.2, 26.6, 26.6 [2 × (O)2C(CH3)2], 34.2 
(CH2CH=CH2), 65.2 (CH2OC), 67.8 (CHSO3), 74.6, 76.8, 77.2, 77.4 (CHO), 103.6 
[CH(OC)2], 110.0, 113.4 [(O)2C(CH3)2], 118.5 (CH2=CH), 128.6, 129.0, 129.8 (ArCH), 131.1 
(ArC), 132.4 (CH=CH2) ppm.  
 
MS (CI, 100 eV, isobutane): m/z (%) = 455 (100) [M+ + 1], 439 (4), 415 (30), 397 (12), 357 
(4), 203 (5), 131 (12), 101 (2).  
 
Elemental Analysis: 
Anal. Calcd for C22H30O8S (454.53): C, 58.13; H, 6.65. Found: C, 57.78; H, 6.61. 
 
5.5.2 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (R)-1-(4-tert-butylphenyl)-3-butene 
sulfonate [(R)-102b] 
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According to GP 3, the sulfonate 101b (2.35 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with allyl iodide (0.75 mL, 7.5 mmol). Workup and flash 
column chromatography (Et2O/pentane, 1:4) gave (R)-102b (2.50 g, 98%); de = 95% (NMR). 
The major diastereomer was obtained as a colorless solid after recrystallization from 2-
propanol. 
 
Yield:                                 2.50 g              (98%)                                           
Melting point:                   mp = 92 ºC                  
TLC:                                  Rf = 0.70         (Et2O/pentane 1:1)  
Diastereomeric excess:     de = 95%        (13C NMR) 
                                           de ≥ 98%         (1H NMR, after recrystallization from 2-propanol) 
Optical rotation:               [α] 24D  = +70.0 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 2965 (s), 2906 (s), 1642 (m), 1616 (m), 1513 (m), 1459 (m), 1416 (w), 1372 
(s), 1317 (w), 1219 (vs), 1169 (s), 1119 (m), 1020 (s), 925 (s), 874 (s), 829 (vs), 738 (w), 608 
(s), 537 (m), 517 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.31 [s, 9H, C(CH3)3], 1.33, 1.37, 1.46, 1.57 [each s, 3H, 
(O)2C(CH3)2], 2.95 (m, 1H, CHHCH=CH2), 3.20 (m, 1H, CHHCH=CH2), 3.89 (dd, J = 6.6, 
8.5 Hz, 1H, CHHOC), 4.03 (dd, J = 6.8, 8.5 Hz, 1H, CHHOC), 4.15 [dd, J = 3.9, 8.5 Hz, 1H, 
CH(OC)CH(OC)CH2O], 4.22 [app. t, J = 4.3, 1H, CH(OC)CH(OC)2], 4.32 [dt, J = 3.9, 6.6 Hz, 
1H, CH(OC)CH2O], 4.36 (dd, J = 3.9, 11.3 Hz, 1H, CHSO3), 4.66 (dd, J = 4.7, 8.5 Hz, 1H, 
CHOSO2), 5.00 (dd, J = 1.4, 10.2 Hz, 1H, CHH=CH), 5.09 (dd, J = 1.4, 17.0 Hz, 1H, 
CHH=CH), 5.55 [ddt (ABX2 system), J = 6.9, 10.2, 17.0 Hz, 1H, CH2CH=CH2], 5.71 [d, J = 
3.9 Hz, 1H, CH(OC)2], 7.35-7.42 (m, 4H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 25.3, 26.2, 26.6 [2 × (O)2C(CH3)2], 31.2 [C(CH3)3] 34.2 
(CH2CH=CH2), 34.6 [C(CH3)3], 65.1 (CH2OC), 67.6 (CHSO3), 74.6, 76.7, 77.2, 77.4 (CHO), 
103.6 [CH(OC)2], 109.9, 113.3 [(O)2C(CH3)2], 118.3 (CH2=CH), 125.5 (ArCH), 127.9 (ArC), 
129.4 (ArCH),), 132.6 (CH=CH2), 152.1 (ArC) ppm.  
 
MS (CI, 100 eV, isobutane): m/z (%) = 511 (93) [M++1], 495 (6), 261 (9), 203 (23), 187 (100).  
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Elemental Analysis: 
Anal. Calcd for C26H38O8S (510.65): C, 61.15; H, 7.50. Found: C, 61.14; H, 7.89. 
 
5.5.3 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (R)-1-(naphth-2-yl)-3-butene sulfo-
nate [(R)-102c] 
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According to GP 3, the sulfonate 101c (0.83 g, 1.8 mmol) was deprotonated with n-BuLi 
(1.13 mL, 1.6 M) and reacted with allyl iodide (0.25 mL, 2.7 mmol). Workup and flash 
column chromatography (Et2O/pentane, 1:4) gave (R)-102c (0.88 g, 98%); de = 90% (NMR). 
The major diastereomer was obtained as a colorless solid after recrystallization from 2-
propanol; de ≥ 98% (NMR).  
 
Yield:                                 0.88 g              (98%)                                           
Melting point:                   mp = 149 ºC                  
TLC:                                  Rf = 0.33         (Et2O/pentane 1:1)  
Diastereomeric excess:     de = 90%        (13C NMR) 
                                           de ≥ 98%         (1H NMR, after recrystallization from 2-propanol) 
Optical rotation:               [α] 24D  = +70.5 (c 0.9, CHCl3)     
 
IR (KBr): ν%  = 3062 (w), 2985 (s), 2937 (m), 2904 (m), 1642 (w), 1600 (w), 1510 (w), 1458 
(w), 1370 (s), 1316 (m), 1218 (s), 1171 (s), 1116 (s), 1047 (s), 1014 (vs), 928 (m), 875 (s), 
838 (s), 746 (m), 655 (m), 601 (m), 480 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.19, 1.37, 1.46, 1.50 [each s, 3H, (O)2C(CH3)2], 3.09 (m, 
1H, CHHCH=CH2), 3.28 (m, 1H, CHHCH=CH2), 3.89 (dd, J = 6.6, 8.5 Hz, 1H, CHHOC), 
4.03 (dd, J = 6.9, 8.5 Hz, 1H, CHHOC), 4.13 [dd, J = 4.1, 8.5 Hz, 1H, 
CH(OC)CH(OC)CH2O], 4.21 [app. t, J = 4.3 Hz, 1H, CH(OC)CH(OC)2], 4.28 [dt, J = 4.1, 
6.6 Hz, 1H, CH(OC)CH2O], 4.55 (dd, J = 4.1, 11.3 Hz, 1H, CHSO3), 4.66 (dd, J = 4.9, 8.5 Hz, 
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1H, CHOSO2), 4.88 (dd, J = 1.4, 10.2 Hz, 1H, CHH=CH), 5.09 (dd, J = 1.4, 17.0 Hz, 1H, 
CHH=CH), 5.55 [ddt (ABX2 system), J = 6.9, 10.2, 17.0 Hz, 1H, CH2CH=CH2], 5.72 [d, J = 
3.8 Hz, 1H, CH(OC)2], 7.48-7.55 (m, 2H, ArH), 7.59 (dd, J = 1.7, 8.5 Hz, 1H, ArH), 7.82-
7.89 (m, 3H, ArH), 7.92 (br. s, 1H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 25.2, 26.2, 26.5, 26.6 [2 × (O)2C(CH3)2], 34.2 
(CH2CH=CH2), 65.2 (CH2OC), 68.1 (CHSO3), 74.6, 76.8, 77.2, 77.4 (CHO), 103.5 
[CH(OC)2], 110.0, 113.4 [(O)2C(CH3)2], 118.6 (CH2=CH), 126.2, 126.3, 126.7, 127.5, 128.0, 
128.4 (ArCH), 128.5 (ArC), 130.0 (ArCH), 132.3 (CH=CH2), 132.9, 133.3 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 504 (4) [M+], 489 (14), 282 (10), 267 (10), 217 (7), 203 (8), 181 
(100), 161 (41), 58 (36).  
 
Elemental Analysis: 
Anal. Calcd for C26H32O8S (504.59): C, 61.89; H, 6.39. Found: C, 61.80; H, 6.48. 
 
5.5.4 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (R)-1-phenyl-3-pentene sulfonate 
[(R)-102d] 
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According to GP 3, the sulfonate 101a (2.06 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 85% (E)-crotyl bromide (0.8 mL, 7.5 mmol). Workup and 
flash column chromatography (Et2O/pentane, 1:4) gave (R)-102d (1.81 g, 78%); de = 82% 
(NMR). A 1:4 mixture of the enantiopure (Z)- and (E)-sulfonate (R)-102d was obtained as a 
colorless solid after recrystallization from ethanol; de ≥ 98% (NMR).  
 
Yield:                                 1.81 g            (82%)                                           
Melting point:                   mp = 143 ºC                  
TLC:                                  Rf = 0.52       (Et2O/pentane 1:1)  
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Diastereomeric excess:     de = 90%      (13C NMR) 
                                           de ≥ 98%       [(Z):(E) 1:4, after recrystallization from ethanol] 
 
IR (KBr): ν%  = 3068 (w), 2987 (s), 2937 (m), 2902 (m), 1498 (w), 1457 (m), 1370 (vs), 1314 
(w), 1255 (s), 1219 (s), 1169 (s), 1117 (s), 1047 (s), 1015 (s), 879 (s), 840 (s), 697 (m), 629 
(m), 577 (m), 505 (m) cm-1.  
 
1H NMR [400 MHz, CDCl3, (E)-isomer]: δ = 1.32, 1.36, 1.46, 1.56 [each s, 3H, (O)2C(CH3)2], 
1.55 [m, 6H, (O)2C(CH3)2 and CH3CH=CH], 2.88 (m, 1H, CHHCH=CHCH3), 3.14 (m, 1H, 
CHHCH=CHCH3), 3.88 (dd, J = 6.6, 8.5 Hz, 1H, CHHOC), 4.03 (dd, J = 6.6, 8.5 Hz, 1H, 
CHHOC), 4.14 [dd, J = 3.9, 8.5 Hz, 1H, CH(OC)CH(OC)CH2O], 4.29 [m, 3H, CH(OC)CH2O) 
and CH(OC)CH(OC)2 and CHSO3], 4.66 (dd, J = 4.7, 8.5 Hz, 1H, CHOSO2), 5.14 (m, 1H, 
CH2CH=CHCH3), 5.49 (m, 1H, CH2CH=CHCH3), 5.70 [d, J = 3.9 Hz, 1H, CH(OC)2], 7.35-
7.40 (m, 3H, ArH), 7.42-7.48 (m, 2H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 12.9 [(Z)] and 17.8 [(E), (CH3CH=CH)], 25.2, 26.2, 26.6, 
26.6 [2 × (O)2C(CH3)2], 27.8 [(Z)] and 33.2 [(E), (CH2CH=CH)], 65.1 (CH2OC), 67.9 [(Z)] 
and 68.3 [(E), (CHSO3)], 74.6, 76.8, 77.1, 77.4 (CHO), 103.6 [CH(OC)2], 109.9, 113.4 
[(O)2C(CH3)2], 124.0 [(Z)] and 124.8 [(E), (CH2CH=CHCH3)], 127.4 [(Z)], 128.5, 128.9 
(ArCH), 129.2 (CH2CH=CHCH3), 129.8 (ArCH), 131.3 [(E)] and 131.5 [(Z), (ArC)] ppm.  
 
MS (EI, 70 eV): m/z (%) = 468 (2) [M+], 453 (87), 251 (2), 145 (100), 129 (12), 113 (26), 101 
(33), 91 (9), 55 (7).  
 
Elemental Analysis: 
Anal. Calcd for C23H32O8S (468.57): C, 58.96; H, 6.88. Found: C, 59.14; H, 7.09. 
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5.5.5 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (R)-1-(4-tert-butylphenyl)-3-pentene 
sulfonate [(R)-102e] 
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According to GP 3, the sulfonate 101b (2.35 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 85% (E)-crotyl bromide (0.8 mL, 7.5 mmol). Workup and 
flash column chromatography (Et2O/pentane, 5:1) gave (R)-102e (2.44 g, 93%); de = 90% 
(NMR). A 1:13 mixture of the enantiopure (Z)- and (E)-sulfonate (R)-102e was obtained as a 
colorless solid after recrystallization from 2-propanol; de  98% (NMR).  
 
Yield:                                 2.44 g             (93%)                                           
Melting point:                   mp = 103 ºC                  
TLC:                                  Rf = 0.57        (Et2O/pentane 1:1)  
Diastereomeric excess:     de = 90%       (13C NMR) 
                                           de ≥ 98%        [(Z):(E) 1:13, after recrystallization from 2-propanol] 
 
IR (KBr): ν%  = 2980 (s), 2902 (s), 1614 (w), 1517 (w), 1457 (m), 1370 (s), 1313 (w), 1218 (s), 
1168 (s), 1118 (s), 1052 (s), 1018 (s), 969 (m), 877 (s), 834 (s), 612 (s), 550 (m), 505 (m) cm-1.  
 
1H NMR [400 MHz, CDCl3, (E)-isomer]: δ = 1.32 [s, 9H, C(CH3)3], 1.33, 1.36, 1.45, 1.56 
[each s, 3H, (O)2C(CH3)2], 1.56 [s, 6H, (O)2C(CH3)2 and CH3CH=CH], 2.88 (m, 1H, 
CHHCH=CHCH3), 3.11 (m, 1H, CHHCH=CHCH3), 3.88 (dd, J = 6.6, 8.5 Hz, 1H, CHHOC), 
4.03 (dd, J = 6.8, 8.5 Hz, 1H, CHHOC), 4.15 [dd, J = 3.9, 8.5 Hz, 1H, 
CH(OC)CH(OC)CH2O], 4.21 [app. t, J = 4.3, 1H, CH(OC)CH(OC)2], 4.29 [m, 2H, 
CH(OC)CH2O) and CHSO3), 4.64 (dd, J = 4.7, 8.5 Hz, 1H, CHOSO2), 5.16 (m, 1H, 
CH2CH=CHCH3), 5.51 (m, 1H, CH2CH=CHCH3), 5.69 [d, J = 3.9 Hz, 1H, CH(OC)2], 7.35-
7.41 (m, 4H, ArH) ppm.  
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13C NMR [100 MHz, CDCl3, (E)-isomer]: δ = 17.9 (CH3CH=CH), 25.3, 26.2, 26.7,[2 × 
(O)2C(CH3)2], 31.2 (CH2CH=CH), 34.6 [C(CH3)3], 65.1 (CH2OC), 68.1 (CHSO3), 74.5, 76.6, 
78.0, 77.3 (CHO), 103.5 [CH(OC)2], 110.0, 113.3 [(O)2C(CH3)2], 125.0 (CH2CH=CHCH3), 
125.5 (ArCH), 128.1 (ArC), 129.0 (CH2CH=CHCH3), 129.4 (ArCH), 152.0 (ArC) ppm.  
 
MS (CI, 100 eV, isobutane): m/z (%) = 525 (74) [M++1], 509 (5), 403 (7), 261 (23), 243 (7), 
201 (100), 143 (21).  
 
Elemental Analysis: 
Anal. Calcd for C27H40O8S (524.67): C, 61.81; H, 7.68. Found: C, 61.73; H, 8.00. 
 
5.5.6 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (R)-3-methyl-1-phenyl-3-butene 
sulfonate [(R)-102f] 
 
O
O
O
O
O CH3
CH3
H3C
H3C
O
S O
OCH3
 
 
According to GP 3, the sulfonate 101a (2.07 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 3-bromo-2-methylpropene (0.76 mL, 7.5 mmol). Workup 
and flash column chromatography (Et2O/pentane, 1:4) gave (R)-102f (1.68 g, 72%); de = 88% 
(NMR). The major diastereomer was obtained as a colorless solid after recrystallization from 
2-propanol; de  98% (NMR).  
 
Yield:                                 1.68 g              (72%)                                           
Melting point:                   mp = 132 ºC                  
TLC:                                  Rf = 0.45         (Et2O/pentane 1:1)  
Diastereomeric excess:     de = 88%        (13C NMR) 
                                           de ≥ 98%         (13C NMR, after recrystallization from 2-propanol) 
Optical rotation:               [α] 24D  = +90.7 (c 1.0, CHCl3)     
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IR (KBr): ν%  = 2984 (s), 2936 (s), 2902 (m), 1653 (m), 1497 (w), 1456 (m), 1370 (vs), 1314 
(w), 1218 (s), 1167 (vs), 1116 (s), 1082 (m), 1047 (s), 1015 (vs), 931 (m), 876 (vs), 828 (s), 
798 (m), 734 (w), 697 (s), 628 (s) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.33, 1.36, 1.46, 1.56 [each s, 3H, (O)2C(CH3)2], 1.62 (s, 
3H, CH3C=CH2), 2.95 [ddd, J = 0.6, 11.8, 14.3 Hz, 1H, CHHC(CH3)=CH2], 3.17 [dd, J = 3.3, 
14.3 Hz, 1H, CHHC(CH3)=CH2], 3.89 (dd, J = 6.6, 8.5 Hz, 1H, CHHOC), 4.04 (dd, J = 6.6, 
8.5 Hz, 1H, CHHOC), 4.14 [dd, J = 3.9, 8.5 Hz, 1H, CH(OC)CH(OC)CH2O], 4.29 [m, 2H, 
CH(OC)CH(OC)2 and CH(OC)CH2O], 4.53 (dd, J = 3.6, 11.8 Hz, 1H, CHSO3), 4.62 (br. s, 
1H, CHH=CCH3), 4.68 (dd, J = 4.7, 8.8 Hz, 1H, CHOSO2), 4.71 (m, 1H, CHH=CCH3), 5.70 
[d, J = 3.6 Hz, 1H, CH(OC)2], 7.35-7.39 (m, 3H, ArH), 7.43-7.47 (m, 2H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 22.1 (CH3C=CH2), 25.2, 26.2, 26.6, 26.7 [2 × 
(O)2C(CH3)2], 37.7 [CH2C(CH3)=CH2], 65.2 (CH2OC), 66.8 (CHSO3), 74.6, 76.6, 76.7, 77.4 
(CHO), 103.5 [CH(OC)2], 109.9, 113.4 [(O)2C(CH3)2], 114.4 (CH2=C(CH3), 128.5, 129.0, 
129.8 (ArCH), 131.1 (ArC), 139.4 [C(CH3)=CH2] ppm.  
 
MS (CI, 100 eV, isobutane): m/z (%) = 469 (100) [M++1], 243 (44), 203 (15). 145 (12).  
 
Elemental Analysis: 
Anal. Calcd for C23H32O8S (468.57): C, 58.96; H, 6.88. Found: C, 58.78; H, 6.94. 
 
5.5.7 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (R)-1-(4-tert-butylphenyl)-3-methyl-
3-butenesulfonate [(R)-102g] 
 
O
O
O
O
O CH3
CH3
H3C
H3C
O
S O
Ot-Bu CH3
 
 
According to GP 3, the sulfonate 101b (2.35 g, 5 mmol) was deprotonated with n-BuLi 
(3.13 mL, 1.6 M) and reacted with 3-bromo-2-methylpropene (0.76 mL, 7.5 mmol). Workup 
and flash column chromatography (Et2O/pentane, 1:4) gave (R)-102g (2.10 g, 80%); de = 90% 
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(NMR). The major diastereomer was obtained as a colorless solid after recrystallization from 
2-propanol; de ≥ 98% (NMR).  
 
Yield:                                 2.10 g              (80%)                                           
Melting point:                   mp = 109 ºC                  
TLC:                                  Rf = 0.51         (Et2O/pentane 1:1)  
Diastereomeric excess:     de = 90%        (13C NMR) 
                                           de ≥ 98%         (13C NMR, after recrystallization from 2-propanol) 
Optical rotation:               [α] 24D  = +79.1 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 2980 (s), 2938 (s), 2904 (s), 1655 (m), 1614 (w), 1516 (m), 1458 (m), 1416 
(w), 1373 (s), 1315 (w), 1234 (s), 1217 (s), 1168 (s), 1119 (s), 1049 (s), 1018 (s), 931 (m), 
875 (s), 828 (s), 789 (m), 743 (w), 606 (s), 548 (m), 522 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.30 [s, 9H, C(CH3)3], 1.33, 1.36, 1.46, 1.56 [each s, 3H, 
(O)2C(CH3)2], 1.62 (s, 3H, CH3C=CH2), 2.93 [dd, J = 11.5, 14.3 Hz, 1H, CHHC(CH3)=CH2], 
3.16 [dd, J = 3.3, 14.3 Hz, 1H, CHHC(CH3)=CH2], 3.90 (dd, J = 6.6, 8.3 Hz, 1H, CHHOC), 
4.04 (dd, J = 6.9, 8.3 Hz, 1H, CHHOC), 4.15 [dd, J = 4.1, 8.5 Hz, 1H, 
CH(OC)CH(OC)CH2O], 4.23 [app. t, J = 4.4 Hz, 1H, CH(OC)CH(OC)2], 4.30 (dt, J = 4.1, 
6.6 Hz, 1H, CH(OC)CH2O], 4.52 (dd, J = 3.6, 11.5, 1H, CHSO3), 4.64 (br. s, 1H, 
CHH=CCH3), 4.66 (dd, J = 4.7, 8.5 Hz, 1H, CHOSO2), 4.71 (br. s, 1H, CHH=CCH3), 5.69 [d, 
J = 3.6 Hz, 1H, CH(OC)2], 7.35 (s, 4H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 22.1 (CH3C=CH2), 25.3, 26.2, 26.6, 26.6 [(O)2C(CH3)2], 
31.2 [C(CH3)3], 34.6 [C(CH3)3], 37.6 [CH2C(CH3)=CH2], 65.1 (CH2OC), 66.5 (CHSO3), 74.5, 
76.6, 76.7, 77.4 (CHO), 103.5 [CH(OC)2], 109.9, 113.3 [(O)2C(CH3)2], 114.2 [CH2=C(CH3)], 
125.4, 127.9 (ArC), 129.4 (ArCH), 139.5 [C(CH3)=CH2], 151.9 (ArC) ppm.  
 
MS (CI, 100 eV, isobutane): m/z (%) = 525 (43) [M++1], 471 (3), 243 (41), 201 (100).  
 
Elemental Analysis: 
Anal. Calcd for C27H40O8S (524.67): C, 61.81; H, 7.68. Found: C, 61.72; H, 7.99. 
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5.6 Removal of the chiral auxiliary to give the α-allylated methyl 
sulfonates  
 
5.6.1 Methyl (R)-1-phenyl-3-butene sulfonate [(R)-104a] 
 
SO3Me
 
 
According to GP 4, the sulfonate (R)-102a (0.22 g, 0.5 mmol) was refluxed in a 2% 
TFA/EtOH solution (20 mL) for 24 h. Workup and flash column chromatography (n-
pentane/diethyl ether, 9:1) gave (R)-104a as a colorless solid.  
 
Yield:                                 80 mg             (73%)                                           
Melting point:                   mp = 58 ºC                  
TLC:                                  Rf = 0.49         (Et2O/pentane 1:4)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, (s,s)-Whelk 01, n-heptane/i-PrOH 95:5)  
Optical rotation:               [α] 28D  = −6.3   (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 2959 (w), 2944 (w), 2922 (w), 1643 (m), 1456 (m), 1350 (s), 1320 (s), 1228 
(m), 1163 (s), 993 (s), 939 (s), 835 (s), 767 (s), 734 (s), 700 (s), 654 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 2.95 (m, 1H, CHHCH=CH2), 3.13 (m, 1H, CHHCH=CH2), 
3.64 (s, 3H, CH3O), 4.26 (dd, J = 4.7, 11.0 Hz, 1H, CHSO3), 5.02 (d, J = 10.2 Hz, 1H, 
CHH=CH), 5.10 (d, J = 17.0 Hz, 1H, CHH=CH), 5.57 (m, 1H, CH=CH2), 7.36-7.44 (m, 5H, 
ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 34.1 (CH2CH=CH2), 56.8 (CH3O), 66.7 (CHSO3), 118.6 
(CH2=CH), 128.7, 129.0 (ArCH), 129.5 (ArC), 132.3 (CH=CH2) ppm.  
 
MS (EI, 70 eV): m/z (%) = 181 (100) [M+−SO2OCH3], 103 (5), 91 (28) [C7H7+].  
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Elemental Analysis: 
Anal. Calcd for C11H14O3S (226.29): C, 58.39; H, 6.24. Found: C, 58.30; H, 6.32. 
 
5.6.2 Methyl (R)-1-(4-tert-butylphenyl)-3-butene sulfonate [(R)-104b] 
 
SO3Me
t-Bu  
 
According to GP 4, the sulfonate (R)-102b (0.25 g, 0.5 mmol) was refluxed in a 2% 
TFA/EtOH solution (20 mL) for 24 h. Workup and flash column chromatography (n-
pentane/diethyl ether, 9:1) gave (R)-104b as a colorless liquid.  
 
Yield:                                 90 mg             (65%)                                           
TLC:                                  Rf = 0.55        (Et2O/pentane 1:4)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Daicel OD 3, n-heptane/i-PrOH 98:2)  
Optical rotation:               [α] 25D  = −10.7 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3080 (w), 2964 (s), 2906 (m), 2870 (m), 1643 (w), 1612 (w), 1514 (m), 1464 
(m), 1416 (w), 1356 (s), 1270 (m), 1168 (s), 1111 (m), 991 (s), 856 (m), 761 (s), 601 (s) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.32 [s, 9H, C(CH3)3], 2.95 (m, 1H, CHHCH=CH2), 3.10 
(m, 1H, CHHCH=CH2), 3.63 (s, 3H, CH3O), 4.26 (dd, J = 4.4, 10.7 Hz, 1H, CHSO3), 5.01 (dd, 
J = 1.4, 10.2 Hz, 1H, CHH=CH), 5.11 (dd, J = 1.6, 17.0 Hz, 1H, CHH=CH), 5.59 [ddt (ABX2 
system), J = 6.9, 10.2, 17.0 Hz, 1H, CH2CH=CH2], 7.34 and 7.41 [each d (AB system), J = 
8.5 Hz, 2H, ArH] ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 31.2 [C(CH3)3], 34.0 (CH2CH=CH2), 34.5 [C(CH3)3], 56.7 
(CH3O), 66.1 (CHSO3), 118.4 (CH2=CH), 125.5 (ArCH), 128.3 (ArC), 129.0 (ArCH), 132.3 
(CH=CH2), 151.9 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 282 (1) [M+], 267 (2), 187 (31), 157 (5), 129 (16), 115 (6), 91 (5), 
57 (100). 
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Elemental Analysis: 
Anal. Calcd for C15H22O3S (282.40): C, 63.80; H, 7.85. Found: C, 63.69; H, 8.08. 
 
5.6.3 Methyl (R)-1-phenyl-3-pentene sulfonate [(R)-104c] 
 
SO3Me
CH3
 
 
According to GP 4, the sulfonate (R)-102d (a 1:4 mixture of the enantiopure (Z) and (E), 
0.22 g, 0.5 mmol) was refluxed in a 2% TFA/EtOH solution (20 mL) for 24 h. Workup and 
flash column chromatography (n-pentane/diethyl ether, 9:1) gave (R)-104c as a colorless 
liquid.  
 
Yield:                                 90 mg             (80%)                                           
TLC:                                  Rf = 0.27         (Et2O/pentane 1:4)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC)  
 
IR (CHCl3):ν%  = 3065 (w), 3030 (m), 2960 (m), 2920 (m), 2856 (w), 1497 (m), 1455 (m), 
1356 (s), 1218 (m), 1166 (s), 990 (s), 832 (m), 760 (s), 699 (s), 626 (m), 614 (m), 579 (m)  
cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.55 [dd, J = 1.4, 6.6 Hz, 3H, (E) CH3CH=CH], 1.59 [m, 
3H, (Z) CH3CH=CH], 2.88 [(E)] and 2.95 [each m, 1H, (Z) CHHCH=CHCH3], 3.05 [(E)] and 
3.13 [each m, 1H, (Z) CHHCH=CHCH3], 3.62 [(E)] and 3.64 [each s, 3 H, (Z) SO3CH3], 4.21 
(dd, J = 4.4, 10.7 Hz, 1H, CHSO3), 5.16 (m, 1H, CH2CH=CHCH3), 5.51 (m, 1H, 
CH2CH=CHCH3), 7.36-7.43 (m, 5H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 12.9 [(Z)] and 17.8 [(E) CH3CH=CH], 27.5 (Z) and 33.0 
[(E), CH2CH=CH], 56.7 (SO3CH3), 66.7 [(Z)] and 67.1 [(E), CHSO3)], 124.0 [(Z)] and 124.7 
[(E), CH2CH=CHCH3], 127.5 [(Z)], 128.6, 128.9, 128.9 [(Z)], 129.4, 129.4, 129.5 
(CH2CH=CHCH3 and ArCH), 131.8 (ArC) ppm.  
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MS (EI, 70 eV): m/z (%) = 240 (0.2) [M+], 186 (7), 145 (100), 129 (18), 117 (23), 105 (7), 91 
(24), 77 (6), 65 (5), 55 (6).  
 
Elemental Analysis: 
Anal. Calcd for C12H16O3S (240.32): C, 59.97; H, 6.71. Found: C, 59.91; H, 6.74. 
 
5.6.4 Methyl (R)-1-(4-tert-butylphenyl)-3-pentene sulfonate [(R)-104d] 
 
SO3Me
t-Bu
CH3
 
 
According to GP 4, the sulfonate (R)-102e (a 1:13 mixture of the enantiopure (Z) and (E), 
0.22 g, 0.4 mmol) was refluxed in a 2% TFA/EtOH solution (20 mL) for 24 h. Workup and 
flash column chromatography (n-pentane/diethyl ether, 9:1) gave (R)-104d as a colorless 
liquid.  
 
Yield:                                 100 mg            (81%)                                           
TLC:                                  Rf = 0.34         (Et2O/pentane 1:4)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Chiralpak AS, n-heptane/i-PrOH 95:5)  
 
IR (CHCl3): ν%  = 3031 (m), 2962 (s), 2869 (m), 1612 (w), 1512 (m), 1450 (m), 1416 (w), 
1356 (s), 1295 (m), 1167 (s), 1111 (m), 990 (s), 856 (m), 762 (s), 605 (s) cm-1.  
 
1H NMR [400 MHz, CDCl3, (E)-isomer]: δ = 1.32 [s, 9H, C(CH3)3], 1.56 (dd, J = 1.4, 6.6 Hz, 
3H, CH3CH=CH), 2.87 (m, 1H, CHHCH=CHCH3), 3.02 (m, 1H, CHHCH=CHCH3), 3.63 (s, 
3H, SO3CH3), 4.18 (dd, J = 4.4, 10.7 Hz, 1H, CHSO3), 5.19 (m, 1H, CH2CH=CHCH3), 5.53 
(m, 1H, CH2CH=CHCH3), 7.32, 7.40 [each d (AB system), J = 8.5 Hz, 2H, ArH] ppm.  
 
13C NMR [100 MHz, CDCl3, (E)-isomer]: δ = 17.8 (CH3CH=CH), 31.2 [C(CH3)3], 33.0 
(CH2CH=CH), 34.6 [C(CH3)3], 56.6 (SO3CH3), 66.7 (CHSO3), 125.0 (CH2CH=CHCH3), 
125.5, 129.1 (ArCH), 129.1 (CH2CH=CHCH3), 151.9 (ArC) ppm.  
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MS (EI, 70 eV): m/z (%) = 296 (7) [M+], 281 (3), 227 (1), 201 (22), 186 (2), 171 (2), 143 (27), 
129 (5), 117 (3), 91 (3), 79 (4), 57 (100).  
 
Elemental Analysis: 
Anal. Calcd for C16H24O3S (296.37): C, 64.84; H, 8.16. Found: C, 64.60; H, 8.49. 
 
5.6.5 Methyl (R)-1-(4-tert-butylphenyl)-2-(naphth-2-yl)ethane sulfonate [(R)-104e] 
 
MeO3S
t-Bu  
 
According to GP 4, the corresponding (R)-sulfonate (0.35 g, 0.6 mmol) was refluxed in a 2% 
TFA/EtOH solution (25 mL) for 24 h. Workup and flash column chromatography (n-
pentane/diethyl ether, 9:1) gave (R)-104e as a colorless solid. 
 
Yield:                                 180 mg            (83%)                                           
Melting point:                   mp = 94 ºC                  
TLC:                                  Rf = 0.15          (Et2O/pentane 1:6)  
Diastereomeric excess:     de ≥ 98%          (1H NMR) 
Enantiomeric excess:        ee ≥ 98%          (HPLC, Daicel OD 2, n-heptane/i-PrOH 95:5)  
Optical rotation:               [α] 24D  = −108.2 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 2962 (m), 1599 (w), 1560 (w), 1508 (w), 1351 (s), 1162 (s), 994 (s), 960 (m), 
859 (m), 827 (s), 809 (w), 777 (s), 765 (s), 749 (m), 673 (m), 603 (s), 518 (m), 484 (m), 474 
(m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.27 [s, 9H, C(CH3)3], 3.58 (dd, J = 11.0, 14.0 Hz, 1H, 
CHHAr), 3.63 (s, 3H, CH3O), 3.88 (dd, J = 3.9, 14.0 Hz, 1H, CHHAr), 4.53 (dd, J = 3.9, 
10.7 Hz, 1H, CHSO3), 7.10-8.00 (m, 11H, ArH) ppm.  
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13C NMR (100 MHz, CDCl3): δ = 31.2 [C(CH3)3], 34.6 [C(CH3)3], 36.5 (CH2Ar), 56.8 
(CH3O), 68.1 (CHSO3), 125.8, 126.0, 126.1, 127.0, 127.6, 127.6, 127.9, 128.1, (ArCH), 128.5 
(ArC), 129.4 (ArCH), 132.3, 133.3, 134.1, 152.3 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 382 (39) [M+], 287 (100), 231 (12), 153 (16), 141 (22), 122 (26), 
57 (88).  
 
Elemental Analysis: 
Anal. Calcd for C23H26O3S (382.52): C, 72.22; H, 6.85. Found: C, 71.84; H, 6.71. 
 
5.7 Removal of the chiral auxiliary and subsequent cyclization to form 
α,γ-substituted γ-sultones 
 
5.7.1 5-Methyl-3-phenyl-1,2-oxathiolane 2,2-dioxide (105a) 
 
S
O
OO
CH3
 
 
According to GP 5, the sulfonate (R)-105a (0.45 g, 1 mmol) was refluxed in a 2% TFA/EtOH 
solution (40 mL) for 24 h. After removal of solvent under reduced pressure, the crude sulfonic 
acid 103 was refluxed in a 20% TFA/CH2Cl2 solution (20 mL) for 24 h. The crude product, 
which consisted of a 90:10 mixture of cis:trans diastereomers, was purified by flash column 
chromatography (n-pentane/diethyl ether, 4:1) to give (R,R)-105a (major diastereomer) and 
(R,S)-105a (minor diastereomer) as colorless solids.  
 
5.7.1.1 (3R,5R)-5-Methyl-3-phenyl-1,2-oxathiolane 2,2-dioxide [(R,R)-105a] 
 
S
O
OO
CH3
 
 
Yield:                                 150 mg            (83%)                                           
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Melting point:                   mp = 134 ºC                  
TLC:                                  Rf = 0.29         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (GC, Chirasil-Dex)  
Optical rotation:               [α] 24D  = −11.3 (c 1.0, CHCl3)     
 
IR (KBr):ν%  = 3035 (w), 2995 (w), 2973 (w), 1498 (m), 1459 (m), 1387 (m), 1331 (s), 
1252 (m), 1194 (m), 1165 (s), 1130 (w), 1113 (w), 1026 (s), 942 (w), 910 (w), 858 (m), 820 
(s), 795 (s), 770 (m), 698 (s), 598 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.56 (d, J = 6.0 Hz, 3H, CH3CHO), 2.56 (dt, J = 10.4, 
13.2 Hz, 1H, CHH), 2.79 (ddd, J = 5.5, 6.9, 13.2 Hz, 1H, CHH), 4.54 (dd, J = 6.9, 13.2 Hz, 
1H, CHAr), 4.78 (m, 1H, CH3CHO), 7.36-7.45 (m, 5H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 20.8 (CH3), 37.6 (CH2), 63.3 (CHAr), 77.4 (CHO), 128.6, 
128.8, 129.3 (ArCH), 129.3 (ArC) ppm.  
 
MS (EI, 70 eV): m/z = 212 (10) [M+], 148 (14), 104 (100), 91 (5), 78 (10).  
 
Elemental Analysis: 
Anal. Calcd for C10H12O3S (212.27): C, 56.59; H, 5.70. Found: C, 56.48; H, 5.65. 
 
5.7.1.2 (3R,5S)-5-Methyl-3-phenyl-1,2-oxathiolane 2,2-dioxide [(R,S)-105a] 
 
S
O
OO
CH3
 
 
Melting point:                   mp = 104 ºC                  
TLC:                                  Rf = 0.37         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (GC, Chirasil-Dex)  
Optical rotation:               [α] 25D  = −52.8 (c 0.5, CHCl3)   
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IR (KBr): ν%  = 3037 (m), 2983 (m), 2959 (m), 1500 (m), 1460 (m), 1390 (m), 1338 (s), 1258 
(m), 1172 (s), 1108 (m), 1029 (s), 941 (m), 902 (s), 868 (s), 839 (s), 789 (s), 770 (s), 696 (s), 
583 (m), 542 (s), 492 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): = 1.58 (d, J = 6.3 Hz, 3H, CH3CHO), 2.54 (ddd, J = 4.4, 8.5, 
13.2 Hz, 1H, CHH), 3.01 (ddd, J = 7.7, 9.9, 13.2 Hz, 1H, CHH), 4.53 (dd, J = 8.8, 9.9 Hz, 1H, 
CHAr), 4.92 (m, 1H, CH3CHO), 7.39-7.48 (m, 5H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): = 21.6 (CH3), 36.1 (CH2), 60.1 (CHAr), 75.9 (CHO), 128.5, 
128.9, 129.3 (ArCH), 129.6 (ArC) ppm.  
 
5.7.2 3-(4-tert-Butylphenyl)-5-methyl-1,2-oxathiolane 2,2-dioxide (105b) 
 
S
O
OO
CH3
t-Bu  
 
According to GP 5, the sulfonate (R)-102b (0.52 g, 1 mmol) was refluxed in a 2% TFA/EtOH 
solution (40 mL) for 24 h. After removal of solvent under reduced pressure, the crude sulfonic 
acid 103 was refluxed in a 20% TFA/CH2Cl2 solution (20 mL) for 24 h. The crude product, 
which consisted of an 89:11 mixture of cis:trans diastereomers, was purified by flash column 
chromatography (n-pentane/diethyl ether, 4:1) to give (R,R)-105b (major diastereomer) and 
(R,S)-105b (minor diastereomer) as colorless solids.  
 
5.7.2.1 (3R,5R)-3-(4-tert-Butylphenyl)-5-methyl-1,2-oxathiolane 2,2-dioxide       
[(R,R)-105b]  
 
S
O
OO
CH3
t-Bu  
 
Yield:                                 170 mg            (94%)                                           
Melting point:                   mp = 153 ºC                  
TLC:                                  Rf = 0.37         (Et2O/pentane 1:1)  
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Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Chiralpak AD 2, n-heptane/i-PrOH 95:5)  
Optical rotation:               [α] 24D  = −8.6   (c 1.2, CHCl3)     
 
IR (KBr):ν%  = 2963 (s), 2870 (m), 1614 (w), 1514 (m), 1475 (m), 1454 (m), 1387 (m), 1334 
(s), 1251 (m), 1193 (s), 1164 (s), 1129 (m), 1099 (m), 1031 (s), 940 (m), 916 (m), 865 (m), 
825 (s), 794 (s), 706 (m), 677 (w), 603 (s), 568 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.32 [s, 9H, C(CH3)3], 1.59 (d, J = 6.3 Hz, 3H, CH3CHO), 
2.59 (dt, J = 10.4, 13.2 Hz, 1H, CHH), 2.81 (ddd, J = 5.5, 6.9, 13.2 Hz, 1H, CHH), 4.54 (dd, J 
= 7.2, 13.2 Hz, 1H, CHAr), 4.82 (m, 1H, CH3CHO), 7.38 and 7.44 [each d (AB system), J = 
8.5 Hz, 2H, ArH] ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 20.9 (CH3), 31.2 [C(CH3)3], 34.6 [C(CH3)3], 37.7(CH2), 
63.0 (CHAr), 77.2 (CHO), 125.9 (ArCH), 126.2 (ArC), 128.3 (ArCH), 152.5 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 268 (22) [M+], 253 (30), 160 (51), 145 (100), 117 (13), 91 (5).  
 
Elemental Analysis: 
Anal. Calcd for C14H20O3S (268.38): C, 62.66; H, 7.51. Found: C, 62.43; H, 7.05. 
 
5.7.2.2 (3R,5S)-3-(4-tert-Butylphenyl)-5-methyl-1,2-oxathiolane 2,2-dioxide [(R,S)-105b]  
 
S
O
OO
CH3
t-Bu  
 
TLC:                                  Rf = 0.43         (Et2O/pentane 1:1)  
 
1H NMR (400 MHz, CDCl3): δ = 1.32 [s, 9H, C(CH3)3], 1.59 (d, J = 6.3 Hz, 3H, CH3CHO), 
2.52 (ddd, J = 4.4, 8.5, 13.2 Hz, 1H, CHH), 3.02 (ddd, J = 7.7, 9.9, 13.5 Hz, 1H, CHH), 4.51 
(t, J = 9.3 Hz, 1H, CHAr), 4.92 (m, 1H, CH3CHO), 7.38 and 7.44 [each d (AB system), J = 
8.5 Hz, 2H, ArH] ppm.  
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13C NMR (100 MHz, CDCl3): δ = 21.6 (CH3), 31.2 [C(CH3)3], 34.7 [C(CH3)3], 36.2 (CH2), 
59.9 (CHAr), 75.8 (CHO), 125.9 (ArCH), 126.4 (ArC), 128.2 (ArCH), 152.3 (ArC) ppm.  
 
5.7.3 (3R,5R)-5-Methyl-3-(naphth-2-yl)-1,2-oxathiolane 2,2-dioxide [(R,R)-105c]  
 
S
O
OO
CH3
 
 
According to GP 5, the sulfonate (R)-102c (0.50 g, 1 mmol) was refluxed in a 2% TFA/EtOH 
solution (40 mL) for 24 h. After removal of solvent under reduced pressure, the crude sulfonic 
acid 103 was refluxed in a 20% TFA/CH2Cl2 solution (20 mL) for 24 h. The crude product, 
which consisted of an 89:11 mixture of cis:trans diastereomers, was purified by HPLC (n-
pentane/EtOAc, 1:1) to give (R,R)-105c as a colorless solid.  
 
Yield:                                 200 mg            (77%)                                           
Melting point:                   mp = 166 ºC                  
TLC:                                  Rf = 0.26         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Daicel OD)  
Optical rotation:               [α] 24D  = −17.3 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3055 (w), 2989 (w), 2932 (w), 1600 (w), 1508 (w), 1448 (w), 1388 (m), 1371 
(m), 1338 (s), 1252 (m), 1196 (m), 1168 (s), 1132 (m), 1109 (m), 1034 (s), 862 (m), 814 (s), 
746 (s), 606 (m), 479 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.56 (d, J = 6.2 Hz, 3H, CH3CHO), 2.72 (dt, J = 10.4, 
12.9 Hz, 1H, CHH), 2.89 (ddd, J = 5.8, 7.1, 12.9 Hz, 1H, CHH), 4.72 (dd, J = 7.2, 12.9 Hz, 
1H, CHAr), 4.85 (m, 1H, CH3CHO), 7.48-7.58 (m, 3H, ArH), 7.80-7.91 (m, 4H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 20.6 (CH3), 37.9 (CH2), 63.7 (CHAr), 77.4 (CHO), 125.4, 
126.8 (ArCH), 126.9 (ArC), 127.0, 127.7, 128.1, 128.7, 129.0 (ArCH), 133.1, 133.6 (ArC) 
ppm.  
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MS (EI, 70 eV): m/z = 262 (31) [M+], 154 (100).  
 
HRMS (EI, M+): m/z calcd. for C14H14O3S: 262.0664. Found: 262.0663. 
 
5.7.4 (3R,5R)-5-Ethyl-3-phenyl-1,2-oxathiolane 2,2-dioxide [(R,R)-105d] 
 
S
O
OO
CH3
 
 
According to GP 5, the sulfonate (R)-102d (0.32 g, 0.7 mmol) was refluxed in a 2% 
TFA/EtOH solution (30 mL) for 24 h. After removal of solvent under reduced pressure, the 
crude sulfonic acid 103 was refluxed in a 30% TFA/CH2Cl2 solution (10 mL) for 16 h. The 
crude product, which consisted of a 73:4:7:16 mixture of cis:trans diastereomers of the 
corresponding γ-sultone and -sultone respectively, was purified by preparative HPLC to give 
(R,R)-105d as a colorless solid.  
 
Yield:                                 110 mg            (64%)                                           
Melting point:                   mp = 106 ºC                  
TLC:                                  Rf = 0.38         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Daicel OD, n-heptane/i-PrOH 85:15) 
Optical rotation:               [α] 24D  = −3.4   (c 1.0, CHCl3)     
 
IR (KBr):ν%  = 3068 (w), 3040 (w), 2978 (m), 2943 (m), 2884 (w), 1500 (m), 1454 (m), 1383 
(m), 1337 (s), 1244 (m), 1160 (s), 1053 (m), 963 (m), 926 (m), 860 (m), 822 (s), 778 (m), 759 
(m), 702 (m), 602 (m), 555 (m), 532 (m), 491 (m) cm-1.  
 
1H NMR (300 MHz, CDCl3): δ = 1.09 (t, J = 7.4 Hz, 3H, CH2CH3), 1.84 (m, 1H, CHHCH3), 
1.97 (m, 1H, CHHCH3), 2.62 (dt, J = 10.4, 13.1 Hz, 1H, CHHCHO), 2.80 (ddd, J = 5.4, 6.9, 
13.1 Hz, 1H, CHHCHO), 4.54 (dd, J = 6.9, 13.1 Hz, 1H, CHAr), 4.63 (m, 1H, CH2CHO), 
7.39-7.48 (m, 5H, ArH) ppm.  
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13C NMR (75 MHz, CDCl3): δ = 9.5 (CH2CH3), 28.5 (CH2CH3), 35.8 (CH2), 63.0 (CHAr), 
82.0 (CHO), 128.8, 129.1, 129.5 (ArCH) ppm.  
 
MS (EI, 70 eV): m/z (%) = 226 (6) [M+], 161 (13), 145 (3), 133 (3), 117 (7), 104 (100), 91 (5), 
77 (8).  
 
Elemental Analysis: 
Anal. Calcd for C11H14O3S (226.29): C, 58.39; H, 6.24. Found: C, 58.22; H, 6.63. 
 
5.7.5 (3R,5R)-3-(4-tert-Butylphenyl)-5-ethyl-1,2-oxathiolane 2,2-dioxide [(R,R)-105e] 
 
S
O
OO
CH3
t-Bu  
 
According to GP 5, the sulfonate (R)-102e (0.26 g, 0.5 mmol) was refluxed in a 2% 
TFA/EtOH solution (20 mL) for 24 h. After removal of solvent under reduced pressure, the 
crude sulfonic acid 103 was refluxed in a 30% TFA/CH2Cl2 solution (10 mL) for 16 h. The 
crude product, which consisted of a 78:4:4:14 mixture of cis:trans diastereomers of the 
corresponding γ-sultone and -sultone, respectively, was purified by preparative HPLC to 
give (R,R)-105e as a colorless solid.  
 
Yield:                                 90 mg             (64%)                                           
Melting point:                   mp = 111 ºC                  
TLC:                                  Rf = 0.48         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Chiralpak AD 2, n-heptane/i-PrOH 99:1) 
Optical rotation:               [α] 24D  = −0.7   (c 1.0, CHCl3)     
 
IR (KBr):ν%  = 2964 (s), 2871 (m), 1657 (w), 1515 (m), 1464 (m), 1420 (w), 1384 (s), 1341 (s), 
1169 (s), 983 (m), 926 (m), 870 (m), 838 (s), 818 (s), 621 (m) cm-1.  
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1H NMR (400 MHz, CDCl3): δ = 1.09 (t, J = 7.4 Hz, 3H, CH2CH3), 1.32 [s, 9H, C(CH3)3], 
1.83 (m, 1H, CHHCH3), 1.98 (m, 1H, CHHCH3), 2.62 (dt, J = 10.4, 13.2 Hz, 1H, CHHCHO), 
2.78 (ddd, J = 5.8, 7.1, 13.2 Hz, 1H, CHHCHO), 4.53 (dd, J = 7.1, 13.2 Hz, 1H, CHAr), 4.82 
(m, 1H, CH2CHO), 7.38, 7.44 [each d (AB system), J = 8.5 Hz, 2H, ArH] ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 9.4 (CH2CH3), 28.4 (CH2CH3), 31.2 [C(CH3)3], 34.7 
[C(CH3)3], 35.8 (CH2CH), 62.7 (CHAr), 81.9 (CHO), 125.9 (ArCH), 126.2 (ArC), 128.3 
(ArCH), 152.5 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 282 (24) [M+], 267 (27), 189 (6), 160 (62), 145 (100), 117 (13), 91 
(7), 57 (34).  
 
Elemental Analysis: 
Anal. Calcd for C15H22O3S (282.40): C, 63.80; H, 7.85. Found: C, 63.57; H, 8.04. 
 
5.7.6 3-(4-tert-Butylphenyl)-5-methyl-1,2-oxathiane 2,2-dioxide (106e) 
 
S
O
t-Bu
CH3
OO
 
 
The allylated sulfonate (R)-102e  (1.10 g, 2.1 mmol) was dissolved in solution of EtOH/H2O 
(100:5 mL). To the solution was added Pd(OAc)2 (71 mg, 0.32 mmol) and the mixture was 
refluxed for 4 days. After removal of the palladium residues by filtration, the filtrate was 
evaporated under reduce presssure. The crude sulfonic acid was kept at room temperature for 
1 month. The mixture was partitioned between CH2Cl2 and water. After separation of the 
organic layer the aqueous phase was extracted with CH2Cl2. The combined organic layers 
were washed with water, brine and dried with MgSO4. After removal of solvent, the crude 
product consisting of a 14:0:14:72 mixture of cis:trans diastereomers of the corresponding γ-
sultone and -sultone, respectively, was purified by preparative HPLC to give (R,S)-106e and 
(R,R)-106e as acolorless solids.  
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5.7.6.1 (3R,5S)-3-(4-tert-Butylphenyl)-5-methyl-1,2-oxathiane 2,2-dioxide [(R,S)-106e] 
 
S
O
t-Bu
CH3
OO
 
 
Yield:                                 70 mg             (12%)                                           
Melting point:                   mp = 197 ºC                  
TLC:                                  Rf = 0.48        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Daicel AD 2, n-heptane/i-PrOH 99:1) 
Optical rotation:               [α] 24D  = −40.9 (c 0.9, CHCl3)     
 
IR (KBr):ν%  = 2963 (m), 2869 (m), 1544 (m), 1444 (m), 1355 (s), 1266 (m), 1170 (s), 1133 
(m), 1060 (m), 1030 (m), 889 (s), 848 (m), 830 (m), 795 (m), 591 (m) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.31 [s, 9H, C(CH3)3], 1.46 (d, J = 6.3 Hz, 3H, CHCH3), 
1.84 (m, 1H, CHHCHOSO2), 2.02 (app. qd, J = 2.2, 14.6 Hz, 1H, CHHCHOSO2), 2.26 (qd, J 
= 3.6, 14.6 Hz, 1H, CHHCHSO3) 2.62 (dt, J = 3.6, 13.2 Hz, 1H, CHHCHSO3), 4.15 (dd, J = 
3.6, 12.9 Hz, 1H, CH2CHSO3), 4.92 (dqd, J = 2.2, 6.3, 11.8 Hz, 1H, CHOSO2), 7.38, 7.42 
[each d (AB system), J = 8.8 Hz, 2H, ArH] ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 21.1 (CH3), 29.2 (CH2), 31.2 [C(CH3)3], 32.8 (CH2), 34.6 
[C(CH3)3], 63.5 (CHSO3), 82.5 (CHOSO2), 125.7 (ArCH), 127.9 (ArC), 128.7 (ArCH), 152.1 
(ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 282 (22) [M+], 267 (24), 217 (15), 203 (19), 161 (100), 145 (32), 
126 (33), 105 (31), 91 (39), 86 (73), 57 (20).  
 
Elemental Analysis: 
Anal. Calcd for C15H22O3S (282.40): C, 63.80; H, 7.85. Found: C, 63.42; H, 8.11. 
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5.7.6.2 (3R,5R)-3-(4-tert-Butylphenyl)-5-methyl-1,2-oxathiane 2,2-dioxide [(R,R)-106e] 
 
S
O
t-Bu
CH3
OO
 
 
IR (KBr): ν%  = 2966 (s), 2870 (m), 1512 (m), 1450 (m), 1413 (m), 1354 (s), 1334 (s), 1272 
(m), 1217 (m), 1172 (m), 1150 (s), 1035 (s), 883 (s), 843 (m), 824 (s), 805 (m), 584 (s) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.32 [s, 9H, C(CH3)3], 1.55 (d, J = 6.3 Hz, 3H, CHCH3), 
1.80 (m, 1H, CHHCHOSO2), 1.90 (m, 1H, CHHCHOSO2), 2.36 (qd, J = 4.7, 14.6 Hz, 1H, 
CHHCHSO3) 2.70 (tdd, J = 4.4, 11.5, 14.6 Hz, 1H, CHHCHSO3), 4.38 (t, J = 4.7 Hz, 1H, 
CH2CHSO3), 4.99 (m, 1H, CHOSO2), 7.40 (s, 4H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 20.8 (CH3), 26.9, 29.1 (CH2), 31.2 [C(CH3)3], 34.5 
[C(CH3)3], 61.2 (CHSO3), 83.4 (CHOSO2), 125.6, 128.3 (ArCH), 130.0, 151.2 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 282 (19) [M+], 267 (21), 217 (17), 203 (19), 183 (23), 161 (100), 
147 (26), 129 (10), 117 (13), 105 (15), 91 (11), 57 (13).  
 
5.7.7 (3R)-5,5-Dimethyl-3-phenyl-1,2-oxathiolane 2,2-dioxide [(R)-105f] 
 
S
O
OO
H3C
CH3
 
 
According to GP 5, the sulfonate (R)-102f (0.23 g, 0.5 mmol) was refluxed in a 2% 
TFA/EtOH solution (20 mL) for 24 h. After removal of solvent under reduced pressure, the 
crude sulfonic acid 3 was refluxed in a 2% TFA/CH2Cl2 solution (20 mL) for 20 h. Workup 
and flash column chromatography (n-pentane/diethyl ether, 4:1) gave (R)-105f as a colorless 
solid.  
 
Yield:                                 100 mg            (90%)                                           
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Melting point:                   mp = 119 ºC                  
TLC:                                  Rf = 0.42         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Daicel OJ, n-heptane/i-PrOH 90:10)  
Optical rotation:               [α] 25D  = −44.2 (c 1.0, CHCl3)     
 
IR (KBr):ν%  = 2985 (m), 2935 (m), 1602 (w), 1585 (w), 1498 (m), 1456 (m), 1389 (m), 1379 
(m), 1336 (s), 1304 (m), 1278 (m), 1237 (m), 1219 (m), 1200 (m), 1185 (s), 1148 (s), 1106 (s), 
1076 (m), 978 (m), 933 (m), 881 (m), 830 (s), 773 (s), 699 (s) cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.58, 1.63 (each s, 3H, CH3), 2.58 (dd, J = 7.1, 13.2 Hz, 1H, 
CHH), 2.80 (t, J = 13.6 Hz, 1H, CHH), 4.58 (dd, J = 7.1, 13.7 Hz, 1H, CHAr), 7.38-7.41 (m, 
3H, ArH), 7.43-7.48 (m, 2H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 28.0, 29.1 (CH3), 41.4 (CH2), 61.7 (CHAr), 86.0 (COSO2), 
128.6 (ArCH), 128.6 (ArC), 128.8, 129.3 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 226 (6) [M+], 161 (10), 145 (7), 131 (34), 104 (100), 91 (13).  
 
Elemental Analysis: 
Anal. Calcd for C11H14O3S (226.29): C, 58.39; H, 6.24. Found: C, 58.31; H, 6.21. 
 
5.7.8 (3R)-3-(4-tert-Butylphenyl)-5,5-dimethyl-1,2-oxathiolane 2,2-dioxide [(R)-105g] 
 
S
O
OO
H3C
CH3
t-Bu  
 
According to GP 5, the sulfonate (R)-102g (0.25 g, 0.5 mmol) was refluxed in a 2% 
TFA/EtOH solution (20 mL) for 24 h. After removal of solvent under reduced pressure, the 
crude sulfonic acid 3 was refluxed in a 2% TFA/CH2Cl2 solution (20 mL) for 22 h. Workup 
and flash column chromatography (n-pentane/diethyl ether, 4:1) gave (R)-105g as a colorless 
solid.  
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Yield:                                 110 mg            (82%)                                           
Melting point:                   mp = 186 ºC                  
TLC:                                  Rf = 0.61         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Daicel AD 2, n-heptane/i-PrOH 99:1)  
Optical rotation:               [α] 24D  = −37.9 (c 1.0, CHCl3)   
   
IR (KBr):ν%  = 2966 (s), 2875 (m), 1513 (m), 1464 (m), 1340 (s), 1303 (m), 1276 (m), 1184 (s), 
1148 (s), 1125 (m), 1105 (m), 1022 (w), 977 (w), 931 (m), 886 (m), 839 (s), 770 (m), 588 (m) 
cm-1.  
 
1H NMR (400 MHz, CDCl3): δ = 1.32 [s, 9H, C(CH3)3], 1.60, 1.65 (each s, 3H, CH3), 2.58 
(dd, J = 7.1, 13.2 Hz, 1H, CHH), 2.81 (t, J = 13.6 Hz, 1H, CHH), 4.58 (dd, J = 7.1, 13.7 Hz, 
1H, CHAr), 7.38-7.41 (m, 3H, ArH), 7.39-7.45 (m, 4H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 28.0, 29.1 (CH3), 31.2 [C(CH3)3], 41.5 (CH2), 61.5 (CHAr), 
85.7 (COSO2), 128.5 (ArC), 125.8, 128.3 (ArCH), 152.4 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 282 (27) [M+], 267 (41)], 160 (53), 145 (100), 117 (11), 57 (7).  
 
Elemental Analysis: 
Anal. Calcd for C15H22O3S (282.40): C, 63.80; H, 7.85. Found: C, 63.83; H, 7.72.  
 
5.8 Synthesis of α,γ-substituted γ-alkoxy methyl sulfonates     
 
5.8.1 Methyl (1R,3S)-3-methoxy-1-phenylbutane sulfonate [(R,S)-107a]  
 
CH3
MeO3S OMe
 
 
According to GP 6, a solution of the enantiopure sultone (R,R)-105a (0.10 g, 0.5 mmol) in 
absolute methanol (30 mL) was refluxed for 3 days. The crude product consisting of only one 
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diastereomer was purified by column chromatography (SiO2, diethyl ether/n-pentane, 1:4) to 
give (R,S)-107a as a colorless solid.  
 
Yield:                                 120 mg            (99%)                                           
Melting point                    mp = 35 ºC 
TLC:                                  Rf  = 0.55         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%         (1H NMR, HPLC) 
Enantiomeric excess:        ee ≥ 98%         (HPLC, Chiralcel OJ, n-Heptane/i-PrOH 9:1)  
Optical rotation:               [α] 25D  = +13.2  (c 1.0, CHCl3)     
 
IR (film):ν%  = 3064 (w), 3033 (w), 2971 (m), 2935 (m), 2826 (m), 1497 (m), 1457 (m), 1353 
(s), 1168 (s), 1085 (m), 989 (s), 817 (m), 781 (s), 730 (m), 701 (m), 629 (m), 583 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.10 (d, J = 6.2 Hz, 3H, CHCH3), 2.25 (dt, J = 14.6, 7.3 Hz, 
1H, CHH), 2.52 (ddd, J = 14.4, 6.9, 5.2 Hz, 1H, CHH), 3.30 (s, 3H, CHOCH3), 3.53 (m, 1H, 
CHOCH3), 3.61 (s, 3H, SO3CH3), 4.49 (t, J = 6.9 Hz, 1H, CH2CHSO3CH3), 7.35-7.45 (m, 5H, 
ArH)  ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 18.9 (CH3), 37.4 (CH2), 56.1 (OCH3), 56.9 (SO3CH3), 63.3 
(CHSO3CH3), 73.7 (CHOCH3), 128.8, 129.0, 129.4 (ArCH), 133.5 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 258 (3) [M+], 226 (4), 162 (10), 147 (6), 131 (5), 115 (4), 104 (6), 
91 (5), 77 (3), 59 (100), 51 (4). 
 
Elemental Analysis: 
Anal. Calcd for C12H18O4S (258.34): C, 55.79; H, 7.02. Found: C, 55.44; H, 6.84 
 
5.8.2 Methyl (1R,3R)-3-methoxy-1-phenylbutane sulfonate [(R,R)-107a]  
 
CH3
MeO3S OMe
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According to GP 6, a solution of the enantiopure sultone (R,S)-105a (0.05 g, 0.25 mmol) in 
absolute methanol (20 mL) was refluxed for 3 days. The crude product consisting of only one 
diastereomer was purified by column chromatography (SiO2, diethyl ether/n-pentane, 1:4) to 
give (R,R)-107a as a colorless solid.  
 
Yield:                                 60 mg              (99%)                                           
Melting point                    mp = 51 ºC 
TLC:                                  Rf = 0.55          (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%         (1H NMR) 
Enantiomeric excess:        ee ≥ 98%         (based on the ee value of the sultone)  
Optical rotation:               [α] 23D  = +8.0   (c 1.2, CHCl3)     
 
IR (KBr):ν%  = 3062 (m), 3033 (m), 2997 (m), 2955 (m), 2931 (m), 2896 (m), 1500 (m), 1457 
(m), 1349 (s), 1238 (w), 1170 (s), 1143 (s), 1075 (s), 987 (s), 924 (w), 833 (s), 778 (m), 722 
(m), 699 (m), 623 (m), 589 (s), 506 (m) cm-1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.12 (d, J = 6.1 Hz, 3H, CHCH3), 2.24 (ddd, J = 14.0, 11.8, 
2.8 Hz, 1H, CHH), 2.40 (ddd, J = 14.0, 10.7, 3.3 Hz, 1H, CHH), 2.91 (m, 1H, CHOCH3), 3.13 
(s, 3H, CHOCH3), , 3.70 (s, 3H, SO3CH3), 4.61 (dd, J = 11.8, 3.3 Hz, 1H, CH2CHSO3CH3), 
7.35-7.46 (m, 5H, ArH)  ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 18.8 (CH3), 37.5 (CH2), 55.8 (OCH3), 56.5 (SO3CH3), 63.4 
(CHSO3CH3), 72.3 (CHOCH3), 128.7, 128.9, 129.4 (ArCH), 131.9 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 258 (1) [M+], 226 (1), 162 (19), 147 (4), 131 (3), 115 (2), 104 (4), 
91 (3), 79 (2), 59 (100), 51 (1). 
 
5.8.3 Methyl (1R,3S)-3-ethoxy-1-phenylbutane sulfonate [(R,S)-107b]  
 
CH3
OEtMeO3S
 
 
Experimental section 
 122 
 
According to GP 6, a solution of the enantiopure sultone (R,R)-105a (0.11 g, 0.5 mmol) in 
absolute ethanol (30 mL) was refluxed for 3 days. The crude product consisting of only one 
diastereomer was purified by column chromatography (SiO2, diethyl ether/n-pentane, 1:4) to 
give (R,S)-107b as a colorless solid.  
 
Yield:                                 140 mg            (99%)                                           
Melting point                    mp = 34.5 ºC 
TLC:                                  Rf = 0.66          (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%         (HPLC) 
Enantiomeric excess:        ee ≥ 98%         (HPLC, Chiralcel OD, n-heptane/i-PrOH 98:2)  
Optical rotation:               [α] 26D  = +19.8  (c 1.1, CHCl3)     
 
IR (KBr):ν%  = 3063 (w), 3036 (w), 2977 (m), 2871 (m), 1496 (m), 1456 (m), 1355 (s), 1214 
(w), 1170 (s), 1143 (m), 1105 (m), 1065 (m), 991 (s), 916 (w), 884 (w), 821 (s), 784 (s), 724 
(m), 697 (m), 616 (m), 582 (m), 513 (m), 461 (m) cm-1. 
  
1H NMR (300 MHz, CDCl3): δ = 1.11 (d, J = 6.2 Hz, 3H, CHCH3), 1.13 (t, J = 7.1 Hz, 3H, 
OCH2CH3),  2.27 (dt, J = 14.3, 7.3 Hz, 1H, CHH), 2.51 (ddd, J = 14.3, 6.4, 5.4 Hz, 1H, 
CHH), 3.38 and 3.50 [each dq (ABX3 system), J =  9.0, 7.1 Hz, 1H, OCH2CH3], 3.59 (m, 1H, 
CHOCH3), 3.61 (s, 3H, SO3CH3), 4.48 (t, J = 6.9 Hz, 1H, CH2CHSO3CH3), 7.35-7.45 (m, 5H, 
ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 15.5 (OCH2CH3), 19.7 (CHCH3), 37.5 (CH2), 56.9 
(SO3CH3), 63.7 (CHSO3CH3), 63.8 (OCH2CH3), 72.2 (CHOCH2), 128.8, 129.0, 129.5 
(ArCH), 133.5 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 272 (5) [M+], 243 (2), 226 (5), 176 (8), 161 (4), 147 (5), 132 (10), 
117 (5), 104 (7), 91 (10), 73 (100), 59 (2), 51 (2). 
 
Elemental Analysis: 
Anal. Calcd for C13H20O4S (272.37): C, 57.33; H, 7.40. Found: C, 56.94; H, 7.07. 
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5.8.4 Methyl (1R,3S)-3-propoxy-1-phenylbutane sulfonate [(R,S)-107c] 
 
CH3
MeO3S On-Pr
 
 
According to GP 6, a solution of the enantiopure sultone (R,R)-105a (0.06 g, 0.3 mmol) in 
absolute n-propanol (20 mL) was refluxed for 3 days. The crude product consisting of only 
one diastereomer was purified by column chromatography (SiO2, diethyl ether/n-pentane, 1:4) 
to give (R,S)-107c as a colorless liquid.  
 
Yield:                                 80 mg              (99%)                                           
TLC:                                  Rf = 0.49          (Et2O/pentane 1:2)  
Diastereomeric excess:     de ≥ 98%         (HPLC) 
Enantiomeric excess:        ee ≥ 98%         (HPLC, Chiralcel OJ, n-heptane/i-PrOH 9:1)  
Optical rotation:               [α] 23D  = +18.9  (c 1.0, CHCl3)     
 
IR (film):ν%  = 3064 (w), 3044 (w), 2966 (s), 2935 (m), 2875 (m), 1496 (m), 1457 (m), 1354 
(s), 1168 (s), 1097 (m), 991 (s), 922 (w), 826 (m), 788 (m), 766 (m), 730 (m), 700 (m), 629 
(m), 584 (m) cm-1. 
  
1H NMR (300 MHz, CDCl3): δ = 0.90 (t, J = 7.4 Hz, 3H, CH2CH3), 1.10 (d, J = 6.2 Hz, 3H, 
CHCH3), 1.52 (sextet,  J = 7.4 Hz, 3H, OCH2CH2CH3),  2.27 (dt, J = 14.3, 7.4 Hz, 1H, CHH), 
2.52 (ddd, J = 14.3, 6.4, 5.2 Hz, 1H, CHH), 3.28 and 3.41 [each dt (ABX2 system), J =  9.2, 
6.7 Hz, 1H, OCH2CH2), 3.59 (m, 1H, CHOCH3), 3.60 (s, 3H, SO3CH3), 4.49 (t, J = 6.9 Hz, 
1H, CH2CHSO3CH3), 7.35-7.45 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 10.7 (CH2CH3), 19.6 (CHCH3), 23.2 (CH2CH3), 37.6 (CH2), 
56.9 (SO3CH3), 63.7 (CHSO3CH3), 70.23 (OCH2), 72.3 (CHOCH2), 128.8, 129.0, 129.5 
(ArCH), 133.6 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 286 (8) [M+], 243 (6), 226 (9), 190 (12), 175 (3), 163 (1), 147 
(11), 132 (28), 117 (11), 105 (11), 87 (100), 79 (9), 59 (6). 
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Elemental Analysis: 
Anal. Calcd for C14H22O4S (286.39): C, 58.72; H, 7.74. Found: C, 58.71; H, 7.60. 
 
5.8.5 Methyl (1R,3S)-3-isopropoxy-1-phenylbutane sulfonate [(R,S)-107d] 
 
CH3
MeO3S Oi-Pr
 
 
According to GP 6, a solution of the enantiopure sultone (R,R)-105a (0.11 g, 0.5 mmol) in 
absolute i-propanol (30 mL) was refluxed for 7 days. The crude product consisting of only 
one diastereomer and a small amount of the sultone was purified by column chromatography 
(SiO2, diethyl ether/n-pentane, 1:4) to give (R,S)-107d as a colorless solid.  
 
Yield:                                 140 mg            (94%)                                           
Melting point                    mp = 39 ºC 
TLC:                                  Rf = 0.72          (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%         (HPLC) 
Enantiomeric excess:        ee ≥ 98%         (HPLC, Chiralcel OD, n-heptane/i-PrOH 99:1)  
Optical rotation:               [α] 26D  = +22.2  (c 1.1, CHCl3)     
 
IR (KBr):ν%  = 2970 (s), 2932 (m), 2899 (m), 2876 (m), 1497 (m), 1464 (m), 1382 (s), 1352 
(s), 1219 (m), 1166 (s), 1123 (s), 1094 (m), 990 (s), 904 (m), 834 (m), 815 (m), 766 (m), 722 
(m), 698 (m), 616 (m), 583 (s), 529 (m), 460 (m) cm-1.  
 
1H NMR (300 MHz, CDCl3): δ = 1.08, 1.09, 1.10 (each d, J = 6.0 Hz, 3H, CHCH3), 2.25 (dt, 
J = 14.6, 7.4 Hz, 1H, CHH), 2.50 (dt, J = 14.6, 5.8 Hz, 1H, CHH), 3.60 (s, 3H, SO3CH3), 3.64 
(m, 2H, 2 x CHO), 4.43 (dd, J = 7.4, 6.3 Hz, 1H, CH2CHSO3CH3), 7.35-7.44 (m, 5H, ArH) 
ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 20.6, 22.4, 23.1 (3 x CHCH3), 37.7 (CH2), 56.8 (SO3CH3), 
63.8 (CHSO3CH3), 69.2, 69.7 (2 x OCH), 128.6, 128.8, 129.3 (ArCH), 133.3 (ArC) ppm. 
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MS (EI, 70 eV): m/z (%) = 286 (3) [M+], 243 (9), 226 (7), 190 (4), 163 (3), 147 (24), 131 
(38), 117 (17), 105 (32), 87 (100), 79 (16), 69 (17), 59 (11), 45 (45). 
 
Elemental Analysis: 
Anal. Calcd for C14H22O4S (286.39): C, 58.72; H, 7.74. Found: C, 58.92; H, 7.78. 
 
5.8.6 Methyl (R)-3-methoxy-3-methyl-1-phenylbutane sulfonate [(R)-108] 
 
MeO3S
CH3
MeO
CH3
 
 
According to GP 6, a solution of the enantiopure sultone (R)-105d (0.13 g, 0.5 mmol) in 
absolute methanol (30 mL) was refluxed for 7 days. The crude product was purified by 
column chromatography (SiO2, diethyl ether/n-pentane, 1:9) to give (R)-108 as a colorless 
solid together with 109 as a colorless solid. 
  
Yield:                                 90 mg              (58%)                                           
Melting point                    mp = 41 ºC 
TLC:                                  Rf = 0.54         (Et2O/pentane 1:1)  
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of the sultone)  
Optical rotation:               [α] 24D  = +7.0   (c 1.1, CHCl3)     
 
IR (film):ν%  = 3063 (w), 3033 (m), 2975 (s), 2832 (m), 1496 (m), 1457 (m), 1353 (s), 1223 
(m), 1167 (s), 1077 (s), 990 (s), 873 (w), 824 (m), 782 (m), 702 (m), 625 (m), 578 (m), 511 
(m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.84 and 1.19 (each s, 3H, CH3), 2.31 (dd, J = 14.6, 9.9 Hz, 
1H, CHH), 2.66 (dd, J = 14.6, 1.5 Hz, 1H, CHH), 3.10 (s, 3H, CHOCH3), 3.62 (s, 3H, 
SO3CH3), 4.52 (dd, J = 9.9, 1.5 Hz, 1H, CH2CHSO3CH3), 7.34-7.42 (m, 3H, ArH), 7.44-7.50 
(m, 2H, ArH) ppm. 
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13C NMR (75 MHz, CDCl3): δ = 25.8 (CH3), 25.9 (CH3), 39.2 (CH2), 49.4 (OCH3), 56.9 
(SO3CH3), 63.2 (CHSO3CH3), 73.9 (CHOCH3), 128.8, 128.9, 129.9 (ArCH), 134.1 (ArC) 
ppm. 
 
MS (EI, 70 eV): m/z (%) = 272 (0.3) [M+], 240 (2), 177 (2), 161 (9), 145 (5), 129 (4), 121 (9), 
104 (2), 91 (3), 73 (100). 
 
Elemental Analysis: 
Anal. Calcd for C13H20O4S (272.37): C, 57.33; H, 7.40. Found: C, 57.58; H, 7.52. 
 
5.8.7 Methyl (R)-3-methyl-1-phenyl-2-butene sulfonate (109) 
 
CH3
MeO3S CH3
 
 
Yield:                                 40 mg               (29%)                                           
TLC:                                  Rf = 0.71          (Et2O/pentane 1:1)  
 
IR (KBr):ν%  = 2986 (m), 2952 (m), 1670 (w), 1499 (m), 1452 (m), 1348 (s), 1161 (s), 981 (s), 
799 (s), 767 (m), 699 (s), 635 (m), 590 (m), 550 (m), 462 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.79, 1.85 [each d, J = 1.5 Hz, 3H, CH=C(CH3)2], 3.68 (s, 
3H, SO3CH3), 5.11 (d, J = 10.1 Hz, 1H, PhCHSO3), 5.72 (sept of d, J = 1.5, 9.9 Hz, 1H, 
CHCH=(CH3)2], 7.33-7.44 (m, 3H, ArH), 7.46-7.51 (m, 2H, ArH) ppm. 
 
13C-NMR (75 MHz, CDCl3): δ = 18.5, 26.2 (CH3), 57.3 (SO3CH3), 66.5 (CHSO3), 116.2 
(CH=C), 128.9, 129.3 (ArCH), 133.5 (ArC), 141.2 (CH=C) ppm. 
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5.9 Synthesis of α,γ-substituted γ-hydroxy methyl sulfonates 
 
5.9.1 Methyl (1R,3S)-3-hydroxy-1-phenylbutane sulfonate [(R,S)-110a]  
 
CH3
MeO3S OH
 
 
According to GP 7, a solution of the enantiopure sultone (R,R)-105a (110 mg, 0.5 mmol) in 
acetone-H2O (10:5 mL) was refluxed for 3 d. The crude product consisting of only one 
diastereomer was purified by column chromatography (SiO2, Et2O-n-pentane, 1:1) to give 
(R,S)-110a as a colorless solid.  
 
Yield:                                 112 mg           (89%)                                           
Melting point:                   mp = 63 ºC                  
TLC:                                  Rf = 0.47         (EtOAc/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%         (1H NMR) 
Enantiomeric excess:        ee ≥ 98%         (HPLC, Daicel OD, n-heptane/i-PrOH 9:1)  
Optical rotation:               [α] 26D  = +38.9  (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3483 (vs), 3033 (w), 2970 (m), 2931 (m), 1498 (w), 1463 (m), 1405 (m), 1346 
(s), 1321 (s), 1323 (w), 1168 (vs), 1129 (m), 1076 (m), 968 (vs), 830 (m), 768 (m), 733 (m), 
700 (m), 630 (m), 596 (m) cm-1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.19 (d, J = 6.3 Hz, 3H, CHCH3), 1.92 (br s, 1H, OH), 2.19 
(ddd, J = 14.3, 8.5, 6.7 Hz, 1H, CHH), 2.54 (ddd, J = 14.3, 7.4, 4.7 Hz, 1H, CHH), 3.60 (s, 3H, 
SO3CH3), 4.07 (m, 1H, CHOH), 4.53 (t, J = 7.1 Hz, 1H, CH2CHSO3CH3), 7.36-7.46 (m, 5H, 
ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 23.3 (CH3), 39.9 (CH2), 57.0 (SO3CH3), 63.7 (CHSO3), 
65.1 (CHOH), 128.8, 129.0, 129.2 (ArCH), 133.2 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 244 (0.2) [M+], 200 (1), 149 (8), 105 (100), 91 (4), 77 (5), 65 (1), 
51 (3), 45 (22). 
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Elemental Analysis: 
Anal. Calcd for C11H16O4S (244.31): C, 54.08; H, 6.60. Found: C, 54.21; H, 6.74. 
 
5.9.2 Methyl (1R,3R)-3-hydroxy-1-phenylbutane sulfonate [(R,R)-110a]  
 
CH3
MeO3S OH
 
 
According to GP 7, a solution of the enantiopure sultone (R,S)-105a (21 mg, 0.1 mmol) in 
acetone-H2O (10:5 mL) was refluxed for 3 d. The crude product consisting of only one 
diastereomer was purified by column chromatography (SiO2, Et2O-n-pentane, 1:1) to give 
(R,R)-110a as a colorless solid.  
 
Yield:                                 22 mg             (91%)                                           
Melting point:                   mp = 127 ºC                  
TLC:                                  Rf = 0.47         (EtOAc/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone)  
Optical rotation:               [α] 24D  = −2.7   (c 1.1, CHCl3)     
 
IR (KBr): ν%  = 3062 (m), 3033 (m), 2997 (m), 2955 (m), 2931 (m), 2896 (m), 1500 (m), 1457 
(m), 1349 (s), 1238 (w), 1170 (s), 1143 (s), 1075 (s), 987 (s), 924 (w), 833 (s), 778 (m), 722 
(m), 699 (m), 623 (m), 589 (s), 506 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.22 (d, J = 6.2 Hz, 3H, CHCH3), 1.46 (br s, 1H, OH), 2.33 
(m, 2H, CH2), 3.47 (m, 1H, CHOH), 3.68 (s, 3H, SO3CH3), 4.63 (dd, J = 10.9, 4.2 Hz, 1H, 
CH2CHSO3CH3), 7.37-7.48 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 24.4 (CH3), 38.9 (CH2), 56.7 (SO3CH3), 63.8 (CHSO3), 64.2 
(CHOH), 129.0, 129.2, 129.7 (ArCH), 131.9 (ArC) ppm. 
 
MS (CI, 100 eV, CH4): m/z (%) = 245 (1) [M+ + 1], 183 (1), 163 (2), 149 (6), 131 (11), 123 
(5), 105 (100), 91 (1), 77 (7). 
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5.9.3 Methyl (1R,3S)-1-(4-tert-butylphenyl)-3-hydroxybutane sulfonate [(R,S)-110b]  
 
CH3
MeO3S OH
t-Bu  
 
According to GP 7, a solution of the enantiopure sultone (R,R)-105b (81 mg, 0.3 mmol) in 
acetone/H2O (10:5 mL) was refluxed for 3 d. The crude product consisting of only one 
diastereomer was purified by column chromatography (SiO2, Et2O-n-pentane, 1:1) to give 
(R,S)-110b as a colorless solid. 
 
Yield:                                 82 mg             (90%)                                           
Melting point:                   mp = 68 ºC                  
TLC:                                  Rf = 0.31         (Et2O/pentane 2:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (HPLC, Daicel OD, n-heptane/i-PrOH 9:1)  
Optical rotation:               [α] 29D  = +37.4 (c 1.3, CHCl3)     
 
IR (CHCl3): ν%  = 3291 (m), 2966 (s), 2877 (m), 1517 (m), 1464 (m), 1354 (vs), 1169 (vs), 
1089 (m), 994 (vs), 947 (m), 859 (m), 848 (m), 758 (s), 603 (s), 584 (m) cm-1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.20 (d, J = 6.3 Hz, 3H, CHCH3), 1.31 [s, 9H, C(CH3)3], 
1.87 (br s, 1H, OH), 2.18 (ddd, J = 14.6, 8.5, 6.9 Hz, 1H, CHH), 2.52 (ddd, J = 14.6, 7.4, 4.7 
Hz, 1H, CHH), 3.61 (s, 3H, SO3CH3), 4.06 (m, 1H, CHOH), 4.50 (t, J = 7.1 Hz, 1H, 
CH2CHSO3CH3), 7.35, 7.40 [each d (AB system), J = 8.5 Hz, 2H, ArH] ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 23.3 (CH3), 31.2 [C(CH3)3], 34.6 [C(CH3)3], 40.0 (CH2), 
56.9 (SO3CH3), 63.4 (CHSO3), 65.1 (CHOH), 125.7, 128.8 (ArCH), 129.9, 152.1 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 300 (1) [M+], 285 (1), 253 (2), 205 (12), 189 (4), 161 (100), 145 
(12), 131 (3), 117 (6), 105 (9), 91 (4), 57 (60). 
 
Elemental Analysis: 
Anal. Calcd for C15H24O4S (300.42): C, 59.97; H, 8.05. Found: C, 59.57; H, 7.77. 
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5.9.4 Methyl (1R,3S)-3-hydroxy-1-phenylpentane sulfonate [(R,S)-110c]  
 
CH2CH3
MeO3S OH
 
 
According to GP 7, a solution of the enantiopure sultone (R,R)-105d (36 mg, 0.16 mmol) in 
acetone/H2O (10:5 mL) was refluxed for 3 d. The crude product consisting of only one dia-
stereomer was purified by column chromatography (SiO2, Et2O/n-pentane, 1:1) to give (R,S)-
110c as a colorless solid.  
 
Yield:                                 36 mg             (88%)                                           
Melting point:                   mp = 51 ºC                  
TLC:                                  Rf = 0.33         (Et2O/pentane 2:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of the sultone)  
Optical rotation:               [α] 30D  = +40.2 (c 1.0, CHCl3)   
   
IR (KBr): ν%  = 3488 (vs), 3062 (w), 3034 (w), 2960 (m), 2931 (m), 1497 (w), 1456 (m), 1411 
(m), 1338 (s), 1163 (s), 1114 (m), 1077 (m), 997 (vs), 834 (m), 786 (m), 729 (m), 700 (m), 
632 (m), 586 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.07 (t, J = 7.4 Hz, 3H, CH2CH3), 1.43 (m, 2H, 
CHCH2CH3), 1.84 (br s, 1H, OH), 2.11 (ddd, J = 14.6, 8.9, 6.2 Hz, 1H, CHH), 2.59 (ddd, J = 
14.6, 7.9, 4.2 Hz, 1H, CHH), 3.59 (s, 3H, SO3CH3), 3.88 (m, 1H, CHOH), 4.58 (dd, J = 7.9, 
6.2 Hz, 1H, CH2CHSO3CH3), 7.36-7.47 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 9.7 (CH3), 30.2 (CH2CH3), 38.3 (CH2), 57.1 (SO3CH3), 63.8 
(CHSO3), 70.4 (CHOH), 128.9, 129.1, 129.4 (ArCH), 133.8 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 258 (0.2) [M+], 162 (10), 133 (9), 105 (100), 91 (3), 59 (23). 
 
Elemental Analysis: 
Anal. Calcd for C12H18O4S (258.34): C, 55.79; H, 7.02. Found: C, 55.82; H, 7.05. 
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5.9.5 Methyl (R)-3-hydroxy-3-methyl-1-phenylbutane sulfonate [(R)-110d]  
 
MeO3S
CH3
OH
CH3
 
 
According to GP 7, a solution of the enantiopure sultone (R)-105f (59 mg, 0.25 mmol) in 
acetone/H2O (10:5 mL) was refluxed for 3 d. The crude product was purified by column 
chromatography (SiO2, Et2O-n-pentane, 1:1) to give (R)-110d as a colorless solid.  
 
Yield:                                 60 mg             (89%)                                           
Melting point:                   mp = 71.5 ºC                  
TLC:                                  Rf = 0.18         (Et2O/pentane 1:1)  
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of the sultone)  
Optical rotation:               [α] 26D  = +16.8 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3513 (vs), 3035 (w), 2970 (m), 2934 (m), 1498 (m), 1458 (m), 1401 (m), 1342 
(vs), 1295 (m), 1233 (s), 1161 (vs), 1084 (m), 983 (vs), 834 (m), 795 (m), 700 (m), 625 (m), 
540 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.98 (s, 3H, CH3), 1.27 (s, 3H, CH3), 1.65 (br s, 1H, OH), 
2.39 (dd, J = 14.6, 9.4 Hz, 1H, CHH), 2.58 (dd, J = 14.6, 2.5 Hz, 1H, CHH), 3.63 (s, 3H, 
SO3CH3), 4.61 (dd, J = 9.4, 2.5 Hz, 1H, CH2CHSO3CH3), 7.36-7.44 (m, 3H, ArH), 7.45-7.51 
(m, 2H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 28.9 (CH3), 31.0 (CH3), 42.9 (CH2), 57.1 (SO3CH3), 63.5 
(CHSO3), 70.3 (COH), 129.0, 129.1, 129.9 (ArCH), 133.9 (ArC) ppm. 
 
MS (EI, 70 eV): m/z (%) = 258 (0.3) [M+], 243 (1), 200 (2), 162 (6), 147 (8), 105 (48), 91 (3), 
79 (5), 59 (100). 
 
Elemental Analysis: 
Anal. Calcd for C12H18O4S (258.34): C, 55.79; H, 7.02. Found: C, 56.06; H, 7.19. 
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5.9.6 Methyl (R)-1-(4-tert-butylphenyl)-3-hydroxy-3-methylbutane sulfonate [(R)-110e]  
 
MeO3S
CH3
OH
CH3
t-Bu  
 
According to GP 7, a solution of the enantiopure sultone (R)-105g (61 mg, 0.2 mmol) in 
acetone/H2O (10:5 mL) was refluxed for 3 d. The crude product was purified by column 
chromatography (SiO2, Et2O-n-pentane, 1:1) to give (R)-110e as a colorless solid.  
 
Yield:                                 60 mg             (88%)                                           
Melting point:                   mp = 113 ºC                  
TLC:                                  Rf = 0.50         (Et2O/pentane 2:1)  
Enantiomeric excess:        ee ≥ 98%        (HPLC, Chiralpak AD, n-heptane/i-PrOH, 9:1)  
Optical rotation:               [α] 28D  = +21.6 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3347 (s), 2966 (s), 2871 (m), 1515 (m), 1464 (m), 1350 (vs), 1269 (m), 1235 
(m), 1164 (vs), 980 (vs), 909 (m), 855 (m), 781 (m), 603 (s), 576 (m) cm-1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.03, 1.28 (each s, 3H, CH3), 1.31 [s, 9H, C(CH3)3], 1.62 
(br s, 1H, OH), 2.39 (dd, J = 14.6, 9.3 Hz, 1H, CHH), 2.57 (dd, J = 14.6, 2.5 Hz, 1H, CHH), 
3.64 (s, 3H, SO3CH3), 4.57 (dd, J = 9.1, 2.5 Hz, 1H, CH2CHSO3CH3), 7.40 (s, 4H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 29.0, 30.7 (CH3), 31.2 [C(CH3)3], 34.6 [C(CH3)3], 42.9 
(CH2), 56.9 (SO3CH3), 63.1 (CHSO3), 70.2 (COH), 125.7, 129.2 (ArCH), 130.3, 152.1 (ArC) 
ppm. 
 
MS (EI, 70 eV): m/z (%) = 314 (2) [M+], 296 (1), 281 (1), 219 (3), 203 (6), 185 (1), 161 (100), 
145 (11), 131 (2), 117 (4), 105 (2), 91 (2), 59 (50). 
 
Elemental Analysis: 
Anal. Calcd for C16H26O4S (314.45): C, 61.12; H, 8.33. Found: C, 60.82; H, 8.36. 
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5.9.7 Sodium (1R,3S)-3-hydroxy-1-phenylbutane sulfonate [(R,S)-111] 
 
CH3
NaO3S OH
 
 
The γ-hydroxy methyl sulfonate (R,S)-110a (118 mg, 0.48 mmol) was dissolved in acetone 
(20 mL) and NaI (80 mg, 0.53 mmol) was added. The reaction mixture was allowed to stir at 
r.t. for 24 h. The solvent was evaporated under reduced pressure and the crude product was 
purified by recrystallization from EtOH-Et2O to give (R,S)-111 as a colorless solid.  
 
Yield:                                 120 mg           (99%)                                           
Melting point:                   mp = 245 ºC                  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of the sultone)  
Optical rotation:               [α] 24D  = +10.6 (c 1.1, MeOH)     
 
IR (KBr): ν%  = 3402 (vs), 3061 (w), 3032 (w), 2972 (m), 1639 (m), 1496 (w), 1455 (m), 1407 
(m), 1385 (m), 1295 (m), 1244 (s), 1210 (vs), 1170 (vs), 1129 (m), 1091 (m), 1051 (vs), 948 
(m), 825 (m), 751 (m), 703 (s), 672 (m), 587 (m) cm-1. 
 
1H NMR (300 MHz, CD3OD): δ = 1.16 (d, J = 6.2 Hz, 3H, CHCH3), 2.31 (ddd, J = 13.6, 9.4, 
5.9 Hz, 1H, CHH), 2.41 (ddd, J = 13.6, 7.7, 5.4 Hz, 1H, CHH), 3.69 (dq, J = 13.6, 6.2 Hz, 1H, 
CHOH), 4.00 (dd, J = 9.4, 5.4 Hz, 1H, CH2CHSO3), 7.24-7.36 (m, 3H, ArH), 7.44-7.50 (m, 
2H, ArH) ppm. 
 
13C NMR (75 MHz, CD3OD): δ = 20.6 (CH3), 40.1 (CH2), 62.8 (CHSO3), 64.6 (CHOH), 
126.4, 127.2, 128.6 (ArCH), 137.0 (ArC) ppm. 
 
MS (ESI): m/z (%) = 229 (100) [C10H13SO4−]. 
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5.10 Synthesis of α,γ-substituted γ-azido isopropyl sulfonates 
 
5.10.1 Isopropyl (1R,3S)-3-azido-1-phenylbutane sulfonate [(R,S)-114a] 
 
CH3
i-PrO3S N3
 
 
According to GP 8, a mixture of the enantiopure sultone (R,R)-105a (265 mg, 1.25 mmol), 
NaN3 (405 mg, 6.25 mmol) and NH4Cl (150 mg, 2.75 mmol) in dry DMF (10 mL) was heated 
at 60 ºC under argon for 2 h.  The resulting sodium sulfonate was first treated with excess 
methanolic HCl (3 N, 10 mL). After removal of methanol in vacuo, a solution of the crude 
sulfonic acid and triisopropylorthoformate (1.5 mL, 9.2 mmol) in CH2Cl2 (10 mL) was 
refluxed for 2 h. The crude product was purified by column chromatography (SiO2, Et2O/n-
pentane, 1:9) to give (R,S)-114a as a colorless liquid.  
 
Yield:                                 355 mg            (96%)                                           
TLC:                                  Rf = 0.57          (Et2O/pentane 1:2)  
Diastereomeric excess:     de ≥ 98%         (1H NMR, HPLC) 
Enantiomeric excess:        ee ≥ 98%         (HPLC, Chiralpak AD 2, n-Heptane/i-PrOH 97:3)  
Optical rotation:               [α] 23D  = +45.2  (c 1.1, CHCl3)     
 
IR (film):ν%  = 2983 (m), 2937 (m), 2111 (s), 1497 (w), 1456 (m), 1348 (s), 1251 (m), 1170 (s), 
1095 (m), 913 (s), 883 (s), 778 (m), 700 (m), 627 (m), 585 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.11 (d, J = 6.4 Hz, 3H, SO3CH(CH3)CH3), 1.27 (d, J = 6.7 
Hz, 3H, CH3CHN3), 1.31 (d, J = 6.2 Hz, 3H, SO3CH(CH3)CH3), 2.21 (ddd, J = 7.4, 8.2, 14.4 
Hz, 1H, CHHCHN3), 2.52 (ddd, J = 6.2, 6.7, 14.4 Hz, 1H, CHHCHN3), 3.70 (m, 1H, CHN3), 
4.32 (t, J = 7.0 Hz, 1H, ArCHSO3), 4.64 [sept, J = 6.2 Hz, 1H, (CH3)2CHO3S], 7.39 (m, 5H, 
ArH) ppm.  
 
13C NMR (75 MHz, CDCl3): δ = 19.2 (CH3), 22.5, 23.3 [(CH3)2CHO3S], 37.3 (CH2), 55.3 
(CHN3), 64.6 (CHSO3), 78.4 (SO3CH), 128.9, 129.2, 129.3 (ArCH), 133.0 (ArC) ppm. 
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MS (CI, 100 eV, methane): m/z (%) = 298 (10) [M++1], 255 (12), 228 (32), 213 (9), 174 (4), 
146 (100), 131 (16), 105 (6). 
 
Elemental Analysis: 
Anal. Calcd for C13H19N3O3S: C, 52.51; H, 6.44; N, 14.13. Found: C, 53.05; H, 6.54; N, 14.22.  
 
5.10.2 Isopropyl  rac-syn-3-azido-1-phenylbutane sulfonate (rac-syn-114a) 
 
CH3
i-PrO3S N3
 
 
According to GP 8, a mixture of the racemic trans-105a (265 mg, 1.25 mmol), NaN3 (405 mg, 
6.25 mmol) and NH4Cl (150 mg, 2.75 mmol) in dry DMF (10 mL) was heated at 60 ºC under 
argon for 2 h.  The resulting sodium sulfonate was first treated with excess methanolic HCl (3 
N, 10 mL). After removal of methanol in vacuo, a solution of the crude sulfonic acid and 
triisopropylorthoformate (1.5 mL, 9.2 mmol) in CH2Cl2 (10 mL) was refluxed for 2 h. The 
crude product was purified by column chromatography (SiO2, Et2O/n-pentane, 1:9) to give 
syn-114a as a colorless liquid.  
 
TLC:                                  Rf = 0.62          (Et2O/pentane 1:2)  
 
IR (film):ν%  = 2982 (m), 2936 (m), 2116 (s), 1497 (w), 1455 (m), 1350 (s), 1244 (m), 1172 (s), 
1095 (m), 913 (s), 883 (s), 700 (m), 614 (m), 586 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.17 (d, J = 6.2 Hz, 3H, OCH(CH3)CH3), 1.31 (d, J = 6.4 
Hz, 3H, CH3CHN3), 1.34 (d, J = 6.2 Hz, 3H, OCH(CH3)CH3), 2.31 (m, 2H, CH2CHN3), 3.14 
(m, 1H, CHN3), 4.40 (dd, J = 3.7, 11.4 Hz, 1H, ArCHSO3), 4.71 [sept, J = 6.2 Hz, 1H, 
(CH3)2CHO], 7.42 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 19.7 (CH3), 22.5, 23.4 [(CH3)2CHO], 36.9 (CH2), 54.4 
(CHN3), 64.8 (CHSO3), 78.1 [(CH3)2CHO], 129.0, 129.3, 129.6 (ArCH), 131.6 (ArC) ppm. 
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MS (CI, 100 eV, methane): m/z (%) = 298 (2) [M++1], 256 (7), 228 (15), 213 (3), 174 (3), 146 
(100), 131 (15), 105 (11), 91 (3). 
 
5.10.3 Isopropyl (1R,3S)-3-azido-1-(4-tert-butylphenyl)butane sulfonate [(R,S)-114b] 
 
CH3
i-PrO3S N3
t-Bu  
 
According to GP 8, a mixture of the enantiopure sultone (R,R)-105b (61 mg, 0.22 mmol), 
NaN3 (80 mg, 1.25 mmol) and NH4Cl (30 mg, 0.55 mmol) in dry DMF (3 mL) was heated at 
60 ºC under argon for 2 h.  The resulting sodium sulfonate was first treated with excess 
methanolic HCl (3 N, 5 mL). After removal of methanol in vacuo, a solution of the crude 
sulfonic acid and triisopropylorthoformate (0.5 mL, 3 mmol) in CH2Cl2 (5 mL) was refluxed 
for 2 h. The crude product was purified by column chromatography (SiO2, Et2O/n-pentane, 
1:19) to give (R,S)-114b as a colorless liquid. 
 
Yield:                                 78 mg              (97%)                                           
TLC:                                  Rf = 0.49         (Et2O/pentane 1:6)  
Diastereomeric excess:     de ≥ 98%         (1H NMR) 
Enantiomeric excess:        ee ≥ 98%         (based on the ee value of sultone)  
Optical rotation:               [α] 26D  = +37.6  (c 1.1, CHCl3)     
 
IR (film):ν%  = 2966 (s), 2872 (m), 2112 (s), 1513 (m), 1463 (m), 1344 (s), 1250 (m), 1170 (s), 
1095 (m), 916 (s), 882 (s), 607 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.10 (d, J = 6.2 Hz, 3H, SO3CH(CH3)CH3), 1.26 (d, J = 6.4 
Hz, 3H, CH3CHN3), 1.31 (d, J = 6.2 Hz, 3H, SO3CH(CH3)CH3), 1.31 [s, 9H, C(CH3)3], 2.21 
(dt, J = 7.8, 14.3 Hz, 1H, CHHCHN3), 2.50 (dt, J = 6.6, 14.3 Hz, 1H, CHHCHN3), 3.70 (m, 
1H, CHN3), 4.32 (t, J = 7.2 Hz, 1H, ArCHSO3), 4.64 [sept, J = 6.2 Hz, 1H, (CH3)2CHO3S], 
7.31, 7.40 [two d (AB system), J = 8.4 Hz, 4H, ArH] ppm. 
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13C NMR (75 MHz, CDCl3): δ = 19.1 (CH3), 22.4, 23.4 [(CH3)2CHO3S], 31.2 [C(CH3)3], 34.6 
[C(CH3)3], 37.2 (CH2), 55.3 (CHN3), 64.3 (CHSO3), 78.3 (SO3CH), 125.8, 129.0 (ArCH), 
129.7, 152.3 (ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 354 (2) [M++1], 338 (4), 312 (4), 284 (17), 269 (4), 230 
(16), 202 (100), 187 (22), 161 (15), 146 (21), 131 (3), 105 (2). 
 
Elemental Analysis: 
Anal. Calcd for C17H27N3O3S: C, 57.76; H, 7.70; N, 11.89. Found: C, 57.56; H, 7.54; N, 12.02.  
 
5.10.4 Isopropyl (1R,3S)-3-azido-1-phenylpentane sulfonate [(R,S)-114c] 
 
CH2CH3
i-PrO3S N3
 
 
According to GP 8, a mixture of the enantiopure sultone (R,R)-105d (116 mg, 0.5 mmol), 
NaN3 (160 mg, 2.5 mmol) and NH4Cl (90 mg, 1.1 mmol) in dry DMF (5 mL) was heated at 
60 ºC under argon for 2 h.  The resulting sodium sulfonate was first treated with excess 
methanolic HCl (3 N, 10 mL). After removal of methanol in vacuo, a solution of the crude 
sulfonic acid and triisopropylorthoformate (1.0 mL, 6 mmol) in CH2Cl2 (8 mL) was refluxed 
for 2 h. The crude product was purified by column chromatography (SiO2, Et2O/n-pentane, 
1:19) to give (R,S)-114c as a colorless solid. 
 
Yield:                                 154 mg           (97%)                                           
Melting point:                   mp = 35 ºC                  
TLC:                                  Rf = 0.41         (Et2O/pentane 1:6)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone)  
Optical rotation:               [α] 26D  = +17.5 (c 1.1, CHCl3)     
 
IR (KBr):ν%  = 2968 (m), 2934 (m), 2122 (s), 1499 (m), 1459 (m), 1351 (s), 1266 (m), 1160 (s), 
1087 (m), 909 (s), 777 (m), 702 (m), 589 (m), 562 (m) cm−1. 
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1H NMR (300 MHz, CDCl3): δ = 1.00 (t, J = 7.4 Hz, 3H, CH2CH3), 1.10, 1.30 [two d, J = 6.2 
Hz, 6H, SO3CH(CH3)2], 1.43-1.63 (m, 2H, CH2CH3), 2.15 (ddd, J = 6.9, 8.7, 14.6 Hz, 1H, 
CHHCHN3), 2.60 (ddd, J = 5.2, 6.9, 14.6 Hz, 1H, CHHCHN3), 3.54 (m, 1H, CHN3), 4.34 (t, J 
= 7.0 Hz, 1H, ArCHSO3), 4.64 [sept, J = 6.2 Hz, 1H, (CH3)2CHO3S], 7.35-7.44 (m, 5H, ArH) 
ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 10.1 (CH2CH3), 22.5, 23.4 [(CH3)2CHO3S], 27.4 (CH2CH3), 
35.5 (CH2), 61.8 (CHN3), 64.8 (CHSO3), 78.4 (SO3CH), 128.9, 129.1, 129.3 (ArCH), 133.3 
(ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 312 (2) [M++1], 270 (2), 242 (26), 227 (6), 188 (3), 160 
(100), 145 (31), 131 (4), 118 (6), 105 (11), 91 (3). 
 
Elemental Analysis: 
Anal. Calcd for C14H21N3O3S: C, 54.00; H, 6.80; N, 13.49. Found: C, 54.05; H, 6.72; N, 13.41.  
 
5.10.5 Isopropyl (1R,3S)-3-azido-1-(4-tert-butylphenyl)pentane sulfonate [(R,S)-114d] 
 
CH2CH3
i-PrO3S N3
t-Bu  
 
According to GP 8, a mixture of the enantiopure sultone (R,R)-105e (100 mg, 0.35 mmol), 
NaN3 (120 mg, 1.75 mmol) and NH4Cl (41 mg, 0.77 mmol) in dry DMF (4 mL) was heated at 
60 ºC under argon for 2 h.  The resulting sodium sulfonate was first treated with excess 
methanolic HCl (3 N, 8 mL). After removal of methanol in vacuo, a solution of the crude 
sulfonic acid and triisopropylorthoformate (0.6 mL, 3.7 mmol) in CH2Cl2 (5 mL) was refluxed 
for 2 h. The crude product was purified by column chromatography (SiO2, Et2O/n-pentane, 
1:19) to give (R,S)-114d as a colorless liquid. 
 
Yield:                                 128 mg           (98%)                                           
TLC:                                  Rf = 0.47        (Et2O/pentane 1:6)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone)  
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Optical rotation:               [α] 24D  = +26.6 (c 1.2, CHCl3)     
 
IR (film):ν%  = 2966 (s), 2857 (m), 2100 (s), 1513 (m), 1464 (m), 1345 (s9, 1270 (m), 1169 (s), 
1096 (m), 914 (s), 883 (m), 756 (m), 608 (s) cm−1. 
 
1H NMR (400 MHz, CDCl3): δ =  0.99 (t, J = 7.4 Hz, 3H, CH2CH3), 1.09 (d, J = 6.3 Hz, 3H, 
SO3CH(CH3)CH3), 1.31 (d, J = 6.3 Hz, 3H, SO3CH(CH3)CH3), 1.31 [s, 9H, C(CH3)3], 1.46-
1.68 (m, 2H, CH2CH3), 2.14 (ddd, J = 6.9, 8.5, 14.6 Hz, 1H, CHHCHN3), 2.58 (ddd, J = 5.5, 
7.1, 14.6 Hz, 1H, CHHCHN3), 3.55 (m, 1H, CHN3), 4.32 (t, J = 7.1 Hz, 1H, ArCHSO3), 4.64 
[sept, J = 6.3 Hz, 1H, (CH3)2CHO], 7.33, 7.40 [two d (AB system), J = 8.5 Hz, 4H, ArH] 
ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 10.2 (CH2CH3), 22.6, 23.6 [(CH3)2CHO3S], 27.5 
(CH2CH3), 31.4 [C(CH3)3], 34.8 [C(CH3)3], 35.6 (CH2), 61.8 (CHN3), 64.5 (CHSO3), 78.4 
(SO3CH), 125.8, 128.9 (ArCH), 130.1, 152.2 (ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 368 (1) [M++1], 352 (6), 326 (3), 298 (32), 244 (7), 216 
(100), 201 (26), 160 (24), 145 (10), 104 (2). 
 
Elemental Analysis: 
Anal. Calcd for C18H29N3O3S: C, 58.83; H, 7.95; N, 11.43. Found: C, 58.77; H, 7.67; N, 11.78.  
 
5.10.6 Isopropyl (1R)-3-azido-3-methyl-1-phenylbutane sulfonate [(R)-114e] 
 
i-PrO3S
CH3
N3CH3
 
 
According to GP 8, a mixture of the enantiopure sultone (R)-105f (233 mg, 1.0 mmol), NaN3 
(330 mg, 5 mmol) and NH4Cl (120 mg, 2.2 mmol) in dry DMF (10 mL) was heated at 60 ºC 
under argon for 2 h.  The resulting sodium sulfonate was first treated with excess methanolic 
HCl (3 N, 10 mL). After removal of methanol in vacuo, a solution of the crude sulfonic acid 
and triisopropylorthoformate (1.5 mL, 9 mmol) in CH2Cl2 (10 mL) was refluxed for 2 h. The 
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crude product was purified by column chromatography (SiO2, Et2O/n-pentane, 1:19) to give 
(R)-114e as a colorless liquid. 
 
Yield:                                 240 mg            (75%)                                           
TLC:                                  Rf = 0.39         (Et2O/pentane 1:4)  
Enantiomeric excess:        ee ≥ 98%        (HPLC, (s,s)-Whelk 01, n-Heptane/i-PrOH 9:1)  
Optical rotation:               [α] 24D  = −6.8   (c 1.0, CHCl3)     
 
IR (film):ν%  = 2981 (m), 2938 (m), 2102 (s), 1497 (m), 1458 (m), 1346 (s), 1259 (m), 1170 (s), 
1095 (m), 914 (s), 884 (s), 767 (m), 701 (m), 643 (m), 614 (m), 579 (m) cm−1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.00 [s, 3H, N3C(CH3)CH3], 1.12 (d, J = 6.3 Hz, 3H, 
SO3CH(CH3)CH3), 1.30 [s, 3H, N3C(CH3)CH3], 1.32 (d, J = 6.0 Hz, 3H, SO3CH(CH3)CH3), 
2.38 (dd, J = 10.2, 14.3 Hz, 1H, CHHCH), 2.57 (dd, J = 1.9, 14.3 Hz, 1H, CHHCH), 4.38 (dd, 
J = 1.9, 10.2 Hz, 1H, ArCHSO3), 4.65 [sept, J = 6.3 Hz, 1H, (CH3)2CHO3S], 7.35-7.41 (m, 
3H, ArH), 7.43-7.47 (m, 2H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 22.6, 23.6, 26.4, 27.2 (CH3), 41.3 (CH2), 60.9 (CN3), 64.6 
(CHSO3), 78.4 (SO3CH), 128.8, 129.1, 129.8 (ArCH), 133.6 (ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 312 (1) [M++1], 270 (3), 242 (68), 227 (72), 160 (100), 
145 (41), 105 (20), 91 (3). 
 
Elemental Analysis: 
Anal. Calcd for C14H21N3O3S: C, 54.00; H, 6.80; N, 13.49. Found: C, 53.97; H, 6.61; N, 13.55.  
 
5.10.7 Isopropyl (1R)-3-azido-1-(4-tert-butylphenyl)-3-methylbutane sulfonate [(R)-114f] 
 
i-PrO3S
CH3
N3CH3
t-Bu  
 
According to GP 8, a mixture of the enantiopure sultone (R)-105g (280 mg, 1.0 mmol), NaN3 
(330 mg, 5 mmol) and NH4Cl (120 mg, 2.2 mmol) in dry DMF (10 mL) was heated at 60 ºC 
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under argon for 2 h.  The resulting sodium sulfonate was first treated with excess methanolic 
HCl (3 N, 10 mL). After removal of methanol in vacuo, a solution of the crude sulfonic acid 
and triisopropylorthoformate (1.5 mL, 9 mmol) in CH2Cl2 (10 mL) was refluxed for 2 h. The 
crude product was purified by column chromatography (SiO2, Et2O/n-pentane, 1:19) to give 
(R)-114f as a colorless liquid. 
 
Yield:                                  269 mg          (74%)                                           
TLC:                                  Rf = 0.36        (Et2O/pentane 1:6)  
Enantiomeric excess:        ee ≥ 98%       (HPLC, Chiralpak AD, n-heptane/i-PrOH 98:2)  
Optical rotation:               [α] 24D  = −6.3  (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 2968 (s), 2102 (s), 1514 (m), 1466 (m), 1339 (s), 1262 (m), 1219 (m), 1166 (s), 
1094 (m), 920 (s), 886 (s), 847 (m), 604 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.02 [s, 3H, N3C(CH3)CH3], 1.11 (d, J = 6.2 Hz, 3H, 
SO3CH(CH3)CH3), 1.30 [s, 3H, N3C(CH3)CH3], 1.31 [s, 9H, C(CH3)3], 1.33 (d, J = 6.4 Hz, 
3H, SO3CH(CH3)CH3), 2.36 (dd, J = 10.1, 14.3 Hz, 1H, CHHCH), 2.56 (dd, J = 1.7, 14.3 Hz, 
1H, CHHCH), 4.36 (dd, J = 1.7, 10.1 Hz, 1H, ArCHSO3), 4.63 [sept, J = 6.2 Hz, 1H, 
(CH3)2CHO3S], 7.37 (m, 4H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 22.4, 23.4, 26.2, 27.1 (CH3), 31.2 [C(CH3)3], 34.6 
[C(CH3)3], 41.1 (CH2), 60.8 (CN3), 64.2 (CHSO3), 78.2 (SO3CH), 125.7, 129.4 (ArCH), 
130.3, 152.2 (ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 368 (9) [M++1], 352 (10), 298 (87), 283 (22), 216 (100), 
201 (38), 163 (54), 145 (14), 84 (6). 
 
Elemental Analysis: 
Anal. Calcd for C18H29N3O3S: C, 58.83; H, 7.95; N, 11.43. Found: C, 59.03; H, 7.89; N, 11.17.  
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5.11 Synthesis of α,γ-substituted N-Boc-protected γ-amino isopropyl 
sulfonates 
 
5.11.1 Isopropyl (1R,3S)-3-tert-butoxycarbonylamino-1-phenylbutane sulfonate [(R,S)-
115a] 
 
CH3
i-PrO3S HN
CO2t-Bu
 
 
According to GP 9, a mixture of the γ-azido sulfonate (R,S)-114a (45 mg, 0.15 mmol) and di-
tert-butyl dicarbonate (Boc2O) (0.05 mL, 0.2 mmol) in ethyl acetate (5 mL) containing a 
catalytic amount of 10% Pd/C was stirred under hydrogen at atmospheric pressure for 18 h at 
room temperature. The crude product was purified by flash column chromatography (SiO2, 
Et2O/n-pentane, 1:3) to give (R,S)-115a as a colorless solid. 
 
Yield:                                 51 mg             (91%)                                           
Melting point:                   mp = 88 ºC                  
TLC:                                  Rf = 0.49        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%       (1H NMR, HPLC) 
Enantiomeric excess:        ee ≥ 98%       (HPLC, Chiral OD, n-heptane/EtOH 95:5)  
Optical rotation:               [α] 30D  = +4.4  (c 1.1, CHCl3)     
 
IR (CHCl3):ν%  = 3389 (m), 2979 (m), 2934 (m), 1702 (s), 1511 (m), 1455 (m), 1364 (s), 1247 
(m), 1169 (s), 1095 (m), 1059 (m), 913 (s), 883 (s), 757 (s), 699 (m) cm−1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.10 (d, J = 6.9 Hz, 3H, CH3CHNH), 1.12, 1.30 [two d, J = 
6.0 Hz, 6H, SO3CH(CH3)2], 1.40 [s, 9H, C(CH3)3], 2.35 (ddd, J = 4.4, 7.7, 13.7 Hz, 1H, 
CHHCHNH), 2.46 (ddd, J = 6.2, 10.2, 13.7 Hz, 1H, CHHCHNH), 3.63 (br s, 1H, CHNH),  
4.23 (dd, J = 4.1, 10.4 Hz, 1H, ArCHSO3), 4.28 (br d, J = 7.7 Hz, 1H, NHCH), 4.62 [sept, J = 
6.3 Hz, 1H, (CH3)2CHO3S], 7.34-7.45 (m, 5H, ArH) ppm. 
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13C NMR (100 MHz, CDCl3): δ = 20.3 (CH3), 22.5, 23.3 [(CH3)2CHO3S], 28.3 [C(CH3)3], 
36.7 (CH2), 44.8 (CHN), 65.4 (CHSO3), 78.0 (SO3CH), 83.8 [C(CH3)3], 128.6, 128.9, 129.4 
(ArCH), 132.2 (ArC), 154.6 (NCO2) ppm. 
 
MS (EI, 70 eV): m/z (%) = 371 (0.1) [M+], 315 (12), 271 (5), 229 (12), 192 (37), 174 (9), 144 
(40), 131 (15), 104 (15), 88 (100), 70 (10), 57 (61). 
 
Elemental Analysis: 
Anal. Calcd for C18H29NO5S:  C, 58.20; H, 7.87; N, 3.77. Found: C, 58.66; H, 7.55; N, 3.75.  
 
5.11.2 Isopropyl (1R,3S)-3-tert-butoxycarbonylamino-1-(4-tert-butylphenyl)butane 
sulfonate [(R,S)-115b] 
 
CH3
i-PrO3S HN
CO2t-Bu
t-Bu  
 
According to GP 9, a mixture of the γ-azido sulfonate (R,S)-114b (57 mg, 0.16 mmol) and di-
tert-butyl dicarbonate (Boc2O) (0.05 mL, 0.23 mmol) in ethyl acetate (5 mL) containing a 
catalytic amount of 10% Pd/C was stirred under hydrogen at atmospheric pressure for 20 h at 
room temperature. The crude product was purified by flash column chromatography (SiO2, 
Et2O/n-pentane, 1:3) to give (R,S)-115b as a colorless viscous liquid. 
 
Yield:                                 62 mg             (90%)                                           
TLC:                                  Rf = 0.54         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone) 
Optical rotation:               [α] 23D  = +5.6   (c 1.1, CHCl3)     
 
IR (film):ν%  = 3387 (m), 2969 (s), 2874 (m), 1700 (s), 1516 (s), 1459 (m), 1363 (s), 1249 (m), 
1170 (s), 1096 (m), 1061 (m), 1021 (m), 916 (s), 883 (s), 757 (s), 614 (s) cm−1. 
 
Experimental section 
 144 
 
1H NMR (300 MHz, CDCl3): δ = 1.10 (d, J = 6.4 Hz, 3H, CH3CHNH), 1.11 [d, J = 6.2 Hz, 
3H, SO3CH(CH3)CH3], 1.30 [d, J = 4.9 Hz, 3H, SO3CH(CH3)CH3], 1.31 [s, 9H, 
CO2C(CH3)3], 1.40 [s, 9H, C(CH3)3], 2.34 (ddd, J = 4.2, 7.7, 13.9 Hz, 1H, CHHCHNH), 2.46 
(br ddd, J = 6.9, 9.9, 13.9 Hz, 1H, CHHCHNH), 3.66 (br s, 1H, CHNH),  4.21 (dd, J = 4.2, 
10.1 Hz, 1H, ArCHSO3), 4.28 (br d, J = 7.4 Hz, 1H, NHCH), 4.62 [sept, J = 6.2 Hz, 1H, 
(CH3)2CHO3S], 7.34, 7.40 [two d (AB system), J = 8.4, 4H, ArH] ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 20.4 (CH3), 22.5, 23.4 [(CH3)2CHO3S], 28.4 [C(CH3)3], 31.3 
[CO2C(CH3)3], 34.6 [C(CH3)3], 36.6 (CH2), 44.9 (CHN), 65.2 (CHSO3), 78.1 (SO3CH), 79.3 
[CO2C(CH3)3], 125.8, 129.3 (ArCH), 129.1, 152.1 (ArC), 154.9 (NCO2) ppm. 
 
MS (EI, 70 eV): m/z (%) = 427 (0.1) [M+], 371 (12), 327 (14), 285 (12), 248 (53), 230 (12), 
188 (7), 161 (11), 145 (12), 131 (4), 88 (100), 57 (34). 
 
Elemental Analysis: 
Anal. Calcd for C22H37NO5S:  C, 61.80; H, 8.72; N, 3.28. Found: C, 61.68; H, 8.78; N, 3.08.  
 
5.11.3 Isopropyl (1R,3S)-3-tert-butoxycarbonylamino-1-phenylpentane sulfonate [(R,S)-
115c] 
 
CH2CH3
i-PrO3S HN
CO2t-Bu
 
 
According to GP 9, a mixture of the γ-azido sulfonate (R,S)-114c (64 mg, 0.2 mmol) and di-
tert-butyl dicarbonate (Boc2O) (0.05 mL, 0.23 mmol) in ethyl acetate (5 mL) containing a 
catalytic amount of 10% Pd/C was stirred under hydrogen at atmospheric pressure for 20 h at 
room temperature. The crude product was purified by flash column chromatography (SiO2, 
Et2O/n-pentane, 1:4) to give (R,S)-115c as a colorless solid. 
 
Yield:                                 68 mg             (86%)                                           
Melting point:                   mp = 68 ºC                  
TLC:                                  Rf = 0.46         (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
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Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone) 
Optical rotation:               [α] 22D  = −5.2   (c 0.8, CHCl3)     
 
IR (KBr):ν%  = 3394 (s), 2970 (m), 2932 (m), 1686 (s), 1522 (s), 1455 (m), 1349 (s), 1276 (m), 
1245 (m), 1173 (s), 1095 (m), 919 (s), 875 (s), 807 (m), 776 (m), 698 (m), 632 (m), 560 (m) 
cm−1. 
 
1H NMR (400 MHz, CDCl3): δ = 0.87 (t, J = 7.4 Hz, 3H, CH2CH3), 1.13, 1.31 [two d, J = 6.3, 
6.1 Hz, 6H, SO3CH(CH3)2], 1.38 [s, 9H, C(CH3)3], 1.30-1.48 (m, 1H, CHHCH3), 1.48-1.57 
(m, 1H, CHHCH3),2.30 (m, 1H, CHHCHNH), 2.50 (m, 1H, CHHCHNH), 3.58 (br s, 1H, 
CHNH),  4.16 (br d, J = 9.1 Hz, 1H, NHCH), 4.27 (br dd, J = 3.9, 9.2 Hz, 1H, ArCHSO3), 
4.62 [sept, J = 6.3 Hz, 1H, (CH3)2CHO3S], 7.33-7.44 (m, 5H, ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 9.8 (CH2CH3), 22.5, 23.3 [(CH3)2CHO3S], 27.4 (CH2CH3), 
28.3 [C(CH3)3], 35.2 (CH2), 50.6 (CHN), 65.4 (CHSO3), 77.9 (SO3CH), 79.0 [C(CH3)3], 
128.6, 128.7, 129.3 (ArCH), 132.9 (ArC), 155.0 (NCO2) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 386 (2) [M++1], 356 (6), 330 (31), 316 (7), 288 (100), 
272 (8), 256 (7), 244 (37), 206 (64), 188 (6), 158 (12), 145 (5), 132 (6), 102 (30). 
 
Elemental Analysis: 
Anal. Calcd for C19H31NO5S:  C, 59.19; H, 8.11; N, 3.63. Found: C, 59.48; H, 8.11; N, 3.75.  
 
5.11.4 Isopropyl (1R,3S)-3-tert-butoxycarbonylamino-1-(4-tert-butylphenyl)pentane 
sulfonate [(R,S)-115d] 
 
CH2CH3
i-PrO3S HN
CO2t-Bu
t-Bu  
 
According to GP 9, a mixture of the γ-azido sulfonate (R,S)-114d (70 mg, 0.2 mmol) and di-
tert-butyl dicarbonate (Boc2O) (0.05 mL, 0.23 mmol) in ethyl acetate (5 mL) containing a 
catalytic amount of 10% Pd/C was stirred under hydrogen at atmospheric pressure for 19 h at 
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room temperature. The crude product was purified by flash column chromatography (SiO2, 
Et2O/n-pentane, 1:4) to give (R,S)-115d as a colorless solid. 
 
Yield:                                 67 mg             (80%)                                           
Melting point:                   mp = 58 ºC                  
TLC:                                  Rf = 0.32        (Et2O/pentane 1:2)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone) 
Optical rotation:               [α] 24D  = −6.1   (c 1.2, CHCl3)     
 
IR (CHCl3):ν%  = 3389 (m), 2969 (s), 2875 (m), 1702 (s), 1514 (s), 1460 (m), 1364 (s), 1243 
(m), 1170 (s), 1094 (m), 1070 (m), 915 (s), 882 (s), 757 (s), 615 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.88 (t, J = 7.4 Hz, 3H, CH2CH3), 1.11, 3.31 [two d, J = 6.2, 
5.9 Hz, 6H, SO3CH(CH3)2], 1.31 [s, 9H, CO2C(CH3)3], 1.39 [s, 9H, C(CH3)3], 1.25-1.44 (m, 
1H, CHHCH3), 1.45-1.61 (m, 1H, CHHCH3), 2.30 (m, 1H, CHHCHNH), 2.48 (m, 1H, 
CHHCHNH), 3.63 (br s, 1H, CHNH),  4.13 (br d, J = 8.9 Hz, 1H, NHCH), 4.24 (dd, J = 4.0, 
9.4 Hz, 1H, ArCHSO3), 4.63 [sept, J = 6.2 Hz, 1H, (CH3)2CHO3S], 7.33, 7.39 [two d (AB 
system), J = 8.4, 4H, ArH] ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 9.7 (CH2CH3), 22.5, 23.4 [(CH3)2CHO3S], 27.5 (CH2CH3), 
28.4 [C(CH3)3], 31.3 [CO2C(CH3)3], 34.6 [C(CH3)3], 35.1 (CH2), 50.6 (CHN), 65.3 (CHSO3), 
78.0 (SO3CH), 79.1 [CO2C(CH3)3], 125.7, 129.2 (ArCH), 129.8, 152.0 (ArC), 155.3 (NCO2) 
ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 422 (2) [M++1], 386 (17), 344 (15), 300 (10), 262 (100), 
244 (10), 189 (2), 145 (2), 130 (3), 102 (24). 
 
Elemental Analysis: 
Anal. Calcd for C23H39NO5S:  C, 62.26; H, 8.90; N, 3.17. Found: C, 61.99; H, 9.02; N, 2.97.  
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5.11.5 Isopropyl (1R)-3-tert-butoxycarbonylamino-3-methyl-1-phenylbutane sulfonate 
[(R)-115e] 
 
i-PrO3S
CH3
HN
CH3
CO2t-Bu
 
 
According to GP 9, a mixture of the γ-azido sulfonate (R)-114e (78 mg, 0.25 mmol) and di-
tert-butyl dicarbonate (Boc2O) (0.06 mL, 0.3 mmol) in ethyl acetate (8 mL) containing a 
catalytic amount of 10% Pd/C was stirred under hydrogen at atmospheric pressure for 22 h at 
room temperature. The crude product was purified by flash column chromatography (SiO2, 
Et2O/n-pentane, 1:4) to give (R)-115e as a colorless viscous liquid. 
 
Yield:                                 76 mg             (79%)                                           
TLC:                                  Rf = 0.31        (Et2O/pentane 1:2)  
Enantiomeric excess:        ee ≥ 98%        (HPLC, Chiralcel OD, n-heptane/i-PrOH 95:5)  
Optical rotation:               [α] 23D  = +8.6   (c 1.0, CHCl3)     
 
IR (film):ν%  = 3387 (m), 2978 (s), 2935 (m), 1715 (s), 1502 (s), 1455 (s), 1363 (s), 1271 (m), 
1246 (m), 1168 (s), 1076 (s), 914 (s), 881 (s), 780 (m), 700 (s), 631 (m), 585 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.09 (d, J = 5.9 Hz, 3H, SO3CH(CH3)CH3), 1.14 [br s, 3H, 
NHC(CH3)CH3], 1.27 [s, 3H, NHC(CH3)CH3], 1.31 (d, J = 6.4 Hz, 3H, SO3CH(CH3)CH3), 
1.34 [s, 9H, C(CH3)3], 2.67 (br s, 2H, CH2CNH), 4.29 (dd, J = 5.9, 11.9 Hz, 1H, ArCHSO3), 
4.33 (br s, 1H, NH), 4.60 [sept, J = 6.2 Hz, 1H, (CH3)2CHO3S], 7.32-7.41 (m, 3H, ArH), 7.41-
7.48 (m, 2H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 22.5, 23.4 [(CH3)2CHO3S], 28.0 (br, CH3), 28.3 [C(CH3)3], 
39.7 (CH2), 52.2 (CNH), 65.0 (CHSO3), 78.0 (SO3CH), 78.8 [C(CH3)3], 128.7, 128.8, 129.9 
(ArCH), 134.1 (ArC), 152.2 (NCO2) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 386 (4) [M++1], 330 (20), 286 (65), 270 (10), 244 (100), 
227 (13), 206 (53), 158 (49), 145 (21), 102 (45), 84 (4). 
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Elemental Analysis: 
Anal. Calcd for C19H31NO5S:  C, 59.19; H, 8.11; N, 3.63. Found: C, 59.54; H, 8.09; N, 3.66.  
 
5.11.6 Isopropyl (R)-3-tert-butoxycarbonylamino-1-(4-tert-butylphenyl)-3-methylbutane 
sulfonate [(R)-115f] 
 
i-PrO3S
CH3
HN
CH3
CO2t-Bu
t-Bu  
 
According to GP 9, a mixture of the γ-azido sulfonate (R)-114f (104 mg, 0.28 mmol) and di-
tert-butyl dicarbonate (Boc2O) (0.07 mL, 0.33 mmol) in ethyl acetate (8 mL) containing a 
catalytic amount of 10% Pd/C was stirred under hydrogen at atmospheric pressure for 20 h at 
room temperature. The crude product was purified by flash column chromatography (SiO2, 
Et2O/n-pentane, 1:5) to give (R)-114f as a colorless viscous liquid. 
 
Yield:                                 101 mg            (81%)                                           
TLC:                                  Rf = 0.43         (Et2O/pentane 1:2)  
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone) 
Optical rotation:               [α] 23D  = +4.5   (c 1.1, CHCl3)     
 
IR (CHCl3):ν%  = 3393 (m), 2971 (s), 1714 (s), 1506 (s), 1364 (s), 1272 (m), 1245 (m), 1168 
(s), 1080 (s), 917 (s), 883 (s), 758 (s), 668 (m), 614 (m) cm−1. 
 
1H NMR (400 MHz, CDCl3): δ = 1.07 [br s, 3H, SO3CH(CH3)CH3], 1.19 (br s, 3H, 
NHCCH3), 1.27 (s, 3H, NHCCH3), 1.30 [s, 18H, CO2C(CH3)3 and ArC(CH3)3], 1.31 (d, J = 
8.0 Hz, 3H, SO3CH(CH3)CH3], 2.62 (br m, 2H, CH2CNH), 4.25 (dd, J = 2.2, 9.1 Hz, 1H, 
ArCHSO3), 4.33 (br s, 1H, NH), 4.60 [ br sept, J = 6.0 Hz, 1H, (CH3)2CHO3S], 7.36 (m, 4H, 
ArH) ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 22.3, 23.4 [(CH3)2CHO3S], 27.7 (br, CH3), 28.3 [C(CH3)3], 
31.2 [C(CH3)3], 34.5 [C(CH3)3], 39.6 (CH2), 52.1 (CNH), 64.6 (CHSO3), 77.9 (SO3CH), 78.8 
[C(CH3)3], 125.4, 129.3 (ArCH), 130.6 (ArC), 151.6 (ArC and NCO2) ppm. 
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MS (EI, 70 eV): m/z (%) =  385 (3) [M+−C4H8], 341 (12), 299 (7), 262 (17), 244 (6), 201 (7), 
158 (9), 145 (11), 102 (100), 84 (6), 57 (31). 
 
MS (CI, 100 eV, methane): m/z (%) = 442 (1) [M++1], 386 (7), 342 (69), 300 (49), 262 (100), 
244 (15), 201 (10), 158 (9), 145 (5), 130 (3), 102 (57). 
 
HRMS (EI, M+−C4H8): m/z calcd for C19H31NO5S: 385.1923. Found: 385.1923. 
 
Elemental Analysis: 
Anal. Calcd for C23H39NO5S: C, 62.26; H, 8.90; N, 3.17. Found: C, 62.51; H, 9.01; N, 3.60.  
 
5.11.7 Sodium (1R,3S)-3-tert-butoxycarbonylamino-1-phenylbutane sulfonate [(R,S)-116] 
 
CH3
NaO3S HN
CO2t-Bu
 
 
The isopropyl sulfonate (R,S)-115a (70 mg, 0.19 mmol) was dissolved in acetone (20 mL) and 
NaI (34 mg, 0.23 mmol) was added. The reaction mixture was heated at reflux for 2 days after 
which the solvent was evaporated under reduced pressure.  The resulting solid was washed 
with ether providing the desired product (R,S)-116 as a colorless solid (60 mg, 91%) which 
was contaminated with a small amount of NaI. 
 
Yield:                                 60 mg             (91%)                                           
Diastereomeric excess:     de ≥ 96%       (NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of 115a) 
 
IR (KBr):ν%  = 3395 (s), 2977 (m), 1689 (s), 1524 (m), 1454 (m), 1391 (m), 1367 (m), 1177 (s), 
1048 (s), 703 (m), 644 (m) cm−1. 
 
1H NMR (300 MHz, CD3OD): δ = 1.05 (d, J = 6.6 Hz, 3H, CH3CHNH), 1.39 [s, 9H, 
C(CH3)3], 2.32 (br s, 2H, CH2CHNH), 3.48 (br m, 1H, CHNH),  3.93 (t, J = 7.1 Hz, 1H, 
CHSO3), 7.22-7.34 (m, 3H, ArH), 7.44 (d, J = 7.4, 2H, ArH) ppm. 
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13C NMR (75 MHz, CD3OD): δ = 18.5 (CH3), 26.9 [C(CH3)3], 37.1 (CH2), 44.1 (CHN), 63.4 
(CHSO3), 77.8 [C(CH3)3], 126.5, 127.2, 128.8 (ArCH), 136.2 (ArC), 155.6 (NCO2) ppm. 
 
5.11.8 Isopropyl (1R,3S)-3-benzylcarbonylamino-1-phenylbutane sulfonate [(R,S)-117] 
 
CH3
i-PrO3S HN
CO2Bn
 
 
To a solution of the sulfonate (R,S)-115a (22 mg, 0.06 mmol) in CH2Cl2 (1 mL) was added a 
solution of 30% TFA in CH2Cl2 (1 mL). After stirring for 30 minute at room temperature, the 
solvent was evaporated in vacuo. The resulting amine was dissolved in a mixture of CH2Cl2 
and H2O (9:1, 2.5 mL) after which CbzCl (0.03 mL, 0.18 mmol) and K2CO3 (50 mg, 0.36 
mmol) were added. The reaction mixture was vigorously stirred at room temperature for 16 h.  
After separation of the organic layer the aqueous phase was extracted with CH2Cl2. The 
combined organic layers were washed with water, brine and dried with MgSO4. The solvent 
was evaporated under reduced pressure and the crude product was purified by flash column 
chromatography (SiO2, diethyl ether/ n-pentane 1:3) to give the product (R,S)-117 as a 
colorless viscous liquid. 
 
Yield:                                 23 mg             (96%)                                           
TLC:                                  Rf = 0.29        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 96%       (NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of 115a) 
Optical rotation:               [α] 23D  = +3.3  (c 1.0, CHCl3)     
 
IR (CHCl3):ν%  = 3377 (m), 3031 (m), 2982 (m), 1709 (s), 1525 (s), 1455 (s), 1342 (s), 1246 
(s), 1168 (s), 1093 (m), 1061 (s), 912 (s), 755 (s), 699 (s), 631 (m), 591 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.10 [d, J = 6.2 Hz, 3H, SO3CH(CH3)CH3], 1.13 (d, J = 7.2 
Hz, 3H, CH3CHNH), 1.29 [d, J = 6.2 Hz, 3H, SO3CH(CH3)CH3], 2.46 (m, 2H, CH2CHNH), 
3.72 (br m, 1H, CHNH),  4.23 (br dd, J = 3.7, 10.1 Hz, 1H, ArCHSO3), 4.49 (br d, J = 7.4 Hz, 
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1H, NHCH), 4.61 [sept, J = 6.2 Hz, 1H, (CH3)2CHO3S], 4.97, 5.03 [two d (AB system), J = 
7.5 Hz, 2H, CH2Ph], 7.25-7.43 (m, 10H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 20.3 (CH3), 22.5, 23.3 [(CH3)2CHO3S], 36.8 (CH2), 45.5 
(CHN), 65.5 (CHSO3), 66.6 (CH2Ph), 78.2 (SO3CH), 128.2, 128.5, 128.8, 129.1, 129.6 
(ArCH), 132.2, 136.3 (ArC), 155.3 (NCO2) ppm. 
 
MS (EI, 70 eV): m/z (%) = 405 (6) [M+], 363 (4), 282 (6), 228 (3), 178 (22), 134 (30), 108 
(14), 91 (100). 
 
HRMS (EI, M+): m/z calcd for C21H27NO5S: 405.160996. Found: 405.160935. 
 
5.11.9 (1R,3S)-3-Amino-1-phenylbutane sulfonic acid [(R,S)-118] 
 
CH3
SO3 NH3
 
 
A mixture of the enantiopure sultone (R,R)-105a (212 mg, 1.0 mmol), NaN3 (324 mg, 5.0 
mmol) and NH4Cl (120 mg, 2.2 mmol) in dry DMF (5 mL) was heated at 60 ºC under argon 
for 2 h. The DMF was removed under vacuum and the resulting sodium sulfonate (R,S)-112a 
was treated with an excess of methanolic HCl. After removal of methanol, the solid was 
triturated with CH2Cl2 and filtered twice. The combined CH2Cl2 fractions were evaporated 
under reduced pressure to provide the sulfonic acid 113a. A solution of the crude γ-azido 
sulfonic acid in methanol (10 mL) containing a catalytic amount of 10% Pd/C was stirred 
under a hydrogen atmosphere for 16 h at room temperature. The catalyst was filtered off 
through a pad of celite and washed with methanol. The filtrate was evaporated under reduced 
pressure and the resulting solid was washed with ether providing the desired product (R,S)-
118 as a colorless solid. 
 
Yield:                                 210 mg           (92%)   
Melting point:                   mp > 300 ºC                  
Diastereomeric excess:     de ≥ 96%        (NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone) 
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Optical rotation:               [α] 22D  = +4.1   (c 1.1, H2O)     
IR (KBr):ν%  = 3062 (s), 2966 (s), 1632 (m), 1529 (s), 1453 (m), 1398 (m), 1240 (s), 1195 (s), 
1157 (s), 1038 (s), 785 (m), 701 (s), 651 (s), 591 (m), 523 (m) cm−1. 
 
1H NMR (300 MHz, D2O): δ = 1.13 (d, J = 6.6 Hz, 3H, CH3CHN), 2.25 (ddd, J = 4.4, 10.4, 
13.5 Hz, 1H, CHHCHN), 2.43 (ddd, J = 4.1, 11.8, 13.5 Hz, 1H, CHHCHN), 2.94 (m, 1H, 
CHN), 4.01 (dd, J = 4.1, 11.8 Hz, 1H, CH2CHSO3), 7.31 (app. s, 5H, ArH) ppm. 
 
13C NMR (75 MHz, D2O): δ = 16.0 (CH3), 34.2 (CH2), 45.0 (CHN), 62.0 (CHSO3), 128.3, 
128.5, 128.7 (ArCH), 133.3 (ArC) ppm. 
 
MS (ESI): m/z (%) = 228 (100) [C10H14NSO3−]. 
 
Elemental Analysis: 
Anal. Calcd for C10H15NO3S:  C, 52.38; H, 6.59; N, 6.11. Found: C, 52.09; H, 6.88; N, 5.92.  
 
5.11.10 Isopropyl (1R,3S)-1-(4-tert-butylphenyl)-3-hydroxybutane sulfonate [(R,S)-122] 
 
CH3
i-PrO3S OH
t-Bu  
 
A solution of the enantiopure sultone (R,R)-105a (59 mg, 0.22 mmol) in acetone-H2O (10:5 
mL) was refluxed for 3 d. After removal of the solvent in vacuo, the crude sulfonic acid was 
dissolved in dichloromethane (5 mL) and triisopropylorthoformate (0.5 mL, 2 mmol) was 
added. The mixture was refluxed for 3 h. The solvent was evaporated under reduced pressure 
and the crude product was purified by flash column chromatography (SiO2, Et2O/n-pentane, 
1:4) to give the γ-hydroxy isopropyl sulfonates (R,S)-122 (20%) as a colorless liquid and the 
(R,R)-105a (48%). 
 
Yield:                                 14 mg             (20%)                                           
TLC:                                  Rf = 0.36        (Et2O/pentane 1:1)  
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1H NMR (300 MHz, CDCl3): δ = 1.05 (d, J = 6.3 Hz, 3H, CHCH3), 1.21 (d, J = 6.3 Hz, 3H, 
CHCH3), 1.30 (d, J = 5.8 Hz, 3H, CHCH3), 1.31 [s, 9H, C(CH3)3], 1.72 (br s, 1H, OH), 2.19 
(td, J = 7.4, 14.3 Hz, 1H, CHHCH), 2.50 (ddd, J = 5.2, 6.6, 14.3 Hz, 1H, CHHCH), 4.05 (m, 
1H, CHOH), 4.39 (t, J = 7.3 Hz, 1H, ArCHSO3), 4.61 [sept, J = 6.3 Hz, 1H, (CH3)2CHO], 
7.35, 7.41 [each d (AB system), J = 8.5 Hz, 2H, ArH] ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 22.3, 23.2, 23.5 (CH3), 31.3 [C(CH3)3], 34.6 [C(CH3)3], 40.2 
(CH2), 64.5, 65.4 (CH), 78.3 [(CH3)2CHO], 125.8, 129.1 (ArCH), 130.5, 152.2 (ArC)  ppm. 
 
5.11.11 (S)-N-Acetyl-4-phenyl-2-butylamine [(S)-121] 
 
CH3
NHAc
 
 
A mixture of the enantiopure sultone (R,R)-105a (75 mg, 0.354 mmol), NaN3 (115 mg, 1.77 
mmol) and NH4Cl (42 mg, 0.78 mmol) in dry DMF (3 mL) was heated at 60 ºC under argon 
for 2 h. DMF was removed under vacuum almost completely and the remaining sodium 
sulfonate (R,S)-112a  in a small amount of DMF (about 0.2 mL) was suspended in dry CH2Cl2 
(5 mL). A solution of 20% COCl2 in toluene (0.5 mL) was added dropwise at 0 ºC and the 
mixture was stirred at room temperature for 1 h. The mixture was then filtered and the solid 
was triturated with CH2Cl2 and refiltered. The combined CH2Cl2 fractions were evaporated 
under reduced pressure and the crude product was filtered again through a short-path silica gel 
column in order to remove the polar impurities. The solvent was removed to give the sulfonyl 
chloride 119 which was used in the next step without further purification. 
A solution of the crude γ-azido sulfonyl chloride 119 in methanol (10 mL) containing a 
catalytic amount of 10% Pd/C was stirred under a hydrogen atmosphere for 16 h at room 
temperature. The catalyst was filtered off through a pad of celite and the filtrate was 
evaporated under reduced pressure to give the amine 120 as a colorless solid which was used 
in the acetylation step without further purification. 
 
1H NMR (300 MHz, CDCl3): δ = 1.41 (d, J = 6.3 Hz, 3H, CHCH3), 1.91, 2.14 (each m, 1H, 
CH2CH2CH), 2.73 (t, J = 8.0 Hz, 2H, PhCH2), 3.30 (sext, 1H, CHNH2), 7.14-7.22 (m, 3H, 
ArH), 7.14-7.28 (m, 5H, ArH), 7.80 (br s, 2H, NH2) ppm. 
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13C NMR (75 MHz, CDCl3): δ = 20.0 (CH3), 31.7 (CH2), 36.7 (CH2), 47.9 (CHN), 126.3, 
128.5, 128.6 (ArCH), 140.2 (ArC) ppm. 
 
To a solution of the amine 120 and acetic anhydride (0.04 mL, 0.425 mmol) in dry CH2Cl2 (2 
mL) was added NEt3 (0.06 mL, 0.39 mmol) dropwise at 0 ºC. The mixture was stirred at room 
temperature for 1 h after which the mixture was diluted with CH2Cl2 and washed with water. 
The combined organic layers were dried with MgSO4 and evaporated under reduced pressure. 
The crude product was purified by flash column chromatography (SiO2, MeOH/CH2Cl2 2:98) 
to give the desired product (S)-121 as a colorless solid. 
 
Yield:                                 47 mg             (70% based on sultone)                                           
TLC:                                  Rf = 0.58        (MeOH/CH2Cl2 1:9)  
Enantiomeric excess:        ee ≥ 98%        (based on the ee value of sultone) 
Optical rotation:               [α] 24D  = −34.1 (c 0.65, EtOH) {lit [α] 26D  = −35.2 (c 0.7, EtOH)} 
                                      
IR (KBr):ν%  = 3307 (s), 3066 (m), 3027 (m), 2965 (m), 2925 (m), 2855 (m), 1641 (s), 1547 (s), 
1447 (m), 1371 (m), 1293 (m), 1191 (w), 1149 (m), 744 (m), 697 (m), 609 (m) cm−1. 
 
1H NMR (300 MHz, CDCl3): δ = 1.17 (d, J = 6.6 Hz, 3H, CHCH3), 1.75 (m, 2H, CH2CH), 
1.93 (s, 3H, CO2CH3), 2.65 (t, J = 8.0 Hz, 2H, PhCH2), 4.05 (m, 1H, CHNH), 5.44 (br s, 1H, 
NH), 7.14-7.22 (m, 3H, ArH), 7.24-7.32 (m, 2H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 21.1 (CH3), 23.5 (CH3), 32.5 (CH2), 38.6 (CH2), 45.3 
(CHN), 125.9, 128.3, 128.4 (ArCH), 141.8 (ArC), 169.5 (C=O) ppm. 
 
MS (EI, 70 eV): m/z (%) = 191 (52) [M+], 132 (22), 117 (51), 87 (100), 72 (23), 58 (13). 
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5.12 Synthesis of α,β-substituted β-alkoxycarbonyl and γ-hydroxy  methyl 
sulfonates  
 
5.12.1 Ethyl (1R,2R)-2-(1-methoxysulfonyl-1-phenylmethyl)butyrate [(R,R)-126a] 
 
CO2Et
MeO3S
Et  
 
According to GP 10, the Michael adduct (R,R)-123a (515.6 mg, 1.0 mmol) was refluxed in 
EtOH (98%; 30 mL) containing Pd(OAc)2 (44.3 mg, 0.2 mmol) for 7 d. Work-up and flash 
chromatography (Et2O/n-pentane, 1:3) gave (R,R)-126a as a colorless liquid. 
 
Yield:                                 282.3 mg        (94%)                                           
TLC:                                  Rf = 0.58        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ds value of the Michael adduct) 
Optical rotation:               [α] 24D  = +17.5 (c 1.1, CHCl3)    
  
IR (KBr): ν%  = 3064 (w), 2977 (s), 2939 (m), 2884 (w), 1723 (s, C=Oester), 1460 (m), 1381 (s), 
1354 (s), 1300 (w), 1266 (m), 1162 (s), 1092 (m), 981 (s), 840 (m), 818 (s), 787 (s), 728 (m), 
705 (s), 611 (m), 581 (s), 512 (w), 462 (w) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.81 (t, J = 7.4 Hz, 3H, CH2CH3), 1.10-1.25 (m, 2H, 
CH2CH3), 1.34 (t, J = 7.5 Hz, 3H, OCH2CH3), 3.24 [m, 1H, CHCO2], 3.66 (s, 3H, SO3CH3), 
4.27 (q, J = 7.1 Hz, 2H, OCH2CH3), 4.62 [d, J = 11.3 Hz, 1H, CHSO3], 7.41 (m, 5H, ArH) 
ppm.  
 
13C NMR (75 MHz, CDCl3): δ = 11.0 (CH2CH3), 14.2 (OCH2CH3), 24.3 (CH2CH3), 47.0 
(CHCO2), 57.1 (SO3CH3), 61.2 (OCH2CH3), 68.0 (SO2CHPh), 128.8, 129.2, 129.9 (ArCH), 
130.5 (ArC), 173.2 (C=O) ppm. 
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MS (EI, 70 eV): m/z (%) = 300 (5) [M+], 205 (74), 191 (10), 159 (13), 135 (100), 131 (49), 91 
(11), 59 (24). 
 
Elemental Analysis: 
Anal. Calcd for C14H20O5S: C, 55.98; H, 6.71. Found: C, 55.82; H, 6.98. 
 
5.12.2 Ethyl (1R,2R)-2-(1-methoxysulfonyl-1-phenylmethyl)pentanoate [(R,R)-126b] 
 
CO2Et
MeO3S
n-Pr  
 
According to GP 10, the Michael adduct (R,R)-123b (529.6 mg, 1.0 mmol) was refluxed in 
EtOH (98%; 30 mL) containing Pd(OAc)2 (44.3 mg, 0.2 mmol) for 7 d. Work-up and flash 
chromatography (Et2O-n-pentane, 1:3) gave (R,R)-126b as a colorless liquid. 
 
Yield:                                 264.1 mg        (84%)                                           
TLC:                                  Rf = 0.26        (Et2O/pentane 1:4)  
Diastereomeric excess:     de ≥ 98%       (1H NMR) 
Enantiomeric excess:        ee ≥ 98%       (HPLC, Daicel OD 3, n-heptane/i-PrOH 98:2) 
Optical rotation:               [α] 24D  = +6.0  (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3031 (w), 2962 (s), 2874 (w), 2400 (w), 1733(s, C=Oester), 1456 (m), 1361 (vs), 
1301 (w), 1247 (s), 1185 (s), 1029 (w), 988 (s), 847 (w), 816 (s), 764 (s), 703 (s), 669 (w), 
614 (m), 584 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.73 (t, J = 7.4 Hz, 3H, CH2CH2CH3), 1.10-1.25 (m, 4H, 
CH2CH2CH3), 1.29 (t, J = 7.1 Hz, 3H, OCH2CH3), 3.27 [dt, J = 3.6, 11.0 Hz, 1H, CHCO2], 
3.61 (s, 3 H, SO3CH3), 4.22 (q, J = 7.1 Hz, 2H, OCH2CH3), 4.56 [d, J = 11,0 Hz, 1H, CHSO3], 
7.20-7.50 (m, 5 H, ArH) ppm.  
 
13C NMR (75 MHz, CDCl3): δ = 13.8 (CH2CH2CH3), 14.4 (OCH2CH3), 20.1 (CH2CH2CH3), 
33.3 (CH2CH2CH3), 45.8 (CHCO2), 57.4 (SO3CH3), 61.5 (OCH2CH3), 68.5 [SO2CHPh], 
129.5, 129.8, 130.0 (ArCH), 131.9 (ArC), 173.9 (C=O) ppm. 
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MS (EI, 70 eV): m/z (%) = 314 (6) [M+], 219 (92), 173 (20), 145 (100), 135 (99), 117 (36), 91 
(68). 
 
Elemental Analysis: 
Anal. Calcd for C15H22SO5 (314.40): C, 57.30; H, 7.05. Found: C, 57.16; H, 7.39. 
 
5.12.3 Ethyl (1R,2R)-2-(1-methoxysulfonyl-1-phenylmethyl)-3-methylbutyrate       
[(R,R)-126c] 
 
CO2Et
MeO3S
i-Pr  
 
According to GP 10, the Michael adduct (R,R)-123c (529.6 mg, 1.0 mmol) was refluxed in 
EtOH (98%, 30 mL) containing Pd(OAc)2 (44.3 mg, 0.2 mmol) for 7 d. Work-up and flash 
chromatography (Et2O/n-pentane, 1:3) gave (R,R)-126c as a colorless solid. 
 
Yield:                                 273.5 mg        (87%)                                           
Melting point:                   mp = 73 ºC                  
TLC:                                  Rf = 0.39        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ds value of the Michael adduct) 
Optical rotation:               [α] 23D  = +14.7 (c 1.0, CHCl3)     
 
IR (CHCl3): ν%  = 2971 (s), 2939 (m), 1719 (s, C=Oester), 1461 (m), 1383 (s), 1356 (s), 1335 (s), 
1301 (w), 1273 (s), 1251 (w), 1225 (m), 1161 (s), 1133 (m), 1092 (w), 1051 (w), 1023 (m), 
979 (s), 810 (s), 785 (vs), 728 (s), 706 (s), 612 (w), 587 (vs), 513 (w), 461 (w) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.75 [d, J = 6.59 Hz, 3H, CH(CH3)CH3], 0.94 [d, J = 7.2 Hz, 
3H, CH(CH3)CH3], 1.35 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.72 [m, 1 H, CH(CH3)CH3], 3.36 (dd, 
J = 3.8, 11.5 Hz, 1H, CHCO2), 3.67 (s, 3H, SO3CH3), 4.26 (q, J = 7.1 Hz, 2H, OCH2CH3), 
4.76 [d, J = 11.8 Hz, 1 H, CHSO3], 7.43 (m, 5H, ArH) ppm.  
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13C NMR (75 MHz, CDCl3): δ = 14.3 (OCH2CH3), 15.7, 21.3 [CH(CH3)2], 27.9 [CH(CH3)2], 
49.6 (CHCO2), 57.1 (SO3CH3), 60.9 (OCH2CH3), 67.1 (SO2CHPh), 128.7, 129.1, 130.3 
(ArCH), 130.1 (ArC), 171.2 (C=O) ppm. 
 
MS (EI, 70 eV): m/z (%) = 314 (2) [M+], 219 (68), 177 (23), 173 (62), 145 (100), 135 (34), 
131 (68), 91 (81). 
 
Elemental Analysis: 
Anal. Calcd for C15H22O5S: C, 57.30; H, 7.05. Found: C, 57.26; H, 6.98. 
 
5.12.4 Isopropyl (1R,2R)-2-(1-methoxysulfonyl-1-phenylmethyl)-3-methylbutyrate 
[(R,R)-126d] 
 
CO2i-Pr
MeO3S
i-Pr  
 
According to GP 10, the Michael adduct (R,R)-123c (529.6 mg, 1.0 mmol) was refluxed in    
i-PrOH (98%, 30 mL) containing Pd(OAc)2 (44.3 mg, 0.2 mmol) for 7 d. Work-up and flash 
chromatography (Et2O/n-pentane, 1:3) gave (R,R)-126d as a colorless solid. 
 
Yield:                                 312.0 mg        (95%)                                           
Melting point:                   mp = 90 ºC                  
TLC:                                  Rf = 0.72        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ds value of the Michael adduct) 
Optical rotation:               [α] 25D  = +12.6 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 2972 (s), 2938 (m), 2881 (w), 1715 (s, C=Oester), 1466 (m), 1389 (s), 1374 (m), 
1356 (s), 1273 (s), 1250 (m), 1195 (s), 1164 (s), 1106 (s), 980 (s), 926 (m), 809 (s), 785 (s), 
728 (m), 707 (s), 586 (s), 513 (w), 461 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.74 [d, J = 6.9 Hz, 3H, CH(CH3)CH3], 0.92 [d, J = 7.2 Hz, 
3H, CH(CH3)CH3], 1.31 [d, J = 6.2 Hz, 3H, OCH(CH3)CH3], 1.32 [d, J = 6.2 Hz, 3H, 
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OCH(CH3)CH3], 1.70 [m, 1H, CH(CH3)CH3], 3.31 [dd, J = 4.0, 11.6 Hz, 1H, CHCO2], 3.65 
(s, 3H, SO3CH3), 4.74 (d, J = 11.9 Hz, 1H, SO2CHPh), 5.13 [sept, J = 6.2 Hz, 1H, 
OCH(CH3)2], 7.41 (m, 5 H, ArH) ppm.  
 
13C NMR (75 MHz, CDCl3): δ = 15.7 [CH(CH3)CH3], 21.3 [CH(CH3)CH3], 21.7 
[OCH(CH3)CH3], 22.0 [OCH(CH3)CH3], 27.9 [CH(CH3)CH3], 49.5 (CHCO2), 57.0 (SO3CH3), 
67.0 (SO2CHPh), 68.5 [OCH(CH3)2], 128.60, 129.0, 130.3 (ArCH), 130.1 (ArC), 170.6 (C=O) 
ppm. 
 
MS (EI, 70 eV): m/z (%) = 328 (4) [M+], 269 (8), 233 (75), 191 (100), 173 (81), 149 (40), 145 
(64), 131 (68), 105 (19), 91 (83), 69 (18), 57 (8). 
 
Elemental Analysis: 
Anal. Calcd for C16H24O5S: C, 58.51; H, 7.37. Found: C, 58.27; H, 7.35. 
 
5.12.5 Methyl (1R,2R)-2-hydroxymethyl-3-methyl-1-phenylbutane sulfonate [(R,R)-127] 
 
MeO3S
i-Pr
OH
 
 
To a solution of the ester (R,R)-126c (77 mg, 0.25 mmol) in dry CH2Cl2 (2.5 mL) was 
dropwise added a solution of DIBAL in CH2Cl2 (1 M, 0.65 mL) at −78 ºC under argon. The 
reaction mixture was stirred at −78 °C for 30 minute, then stirring was continued at −20 °C for 
3 h. The mixture was quenched with a large excess of methanol and a few drops of methanolic 
HCl (2N). After removal of methanol in vacuo, the solid was triturated with dichloromethane 
for 30 min. The mixture was filtered and washed with CH2Cl2. The solvent was evaporated 
under reduced pressure and the crude product was purified by flash column chromatography 
(SiO2, Et2O-n-pentane 3:7) to give the product (R,R)-127 as a colorless viscous liquid. 
 
Yield:                                 63 mg             (95%)                                           
TLC:                                  Rf = 0.32        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ds value of the Michael adduct) 
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Optical rotation:               [α] 22D  = +39.0 (c 1.6, CHCl3)   
   
IR (CHCl3): ν%  = 3397 (s), 2961 (s), 1537 (w), 1497 (m), 1456 (m), 1349 (s), 1163 (s), 1041 
(s), 990 (s), 823 (m), 758 (s), 704 (s), 594 (s) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.80, 0.96 [each d, J = 6.9, 7.2 Hz, resp., 3H, CH(CH3)2],  
1.52 (m, 1H, CHCH(CH3)2], 2.33 (m, 1H, CHCH2OH), 2.62 (br s, 1H, OH), 3.45 (s, 3H, 
SO3CH3), 3.98 (dd, J = 3.0, 13.1 Hz, 1H, CHHOH), 4.15 (dd, J = 3.5, 13.1 Hz, 1H, CHHOH),  
4.63 (d, J = 11.1 Hz, 1H, ArCHSO3), 7.39-7.49 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 16.8, 21.8 [CH(CH3)2], 27.8 [CH(CH3)2],  46.9 (CHCH2OH), 
57.5 (SO3CH3), 60.0 (CHCH2OH), 68.1 (CHSO3), 129.0, 129.1, 129.7 (ArCH), 132.7 (ArC) 
ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 273 (1) [M++1], 177 (17), 159 (100), 147 (8), 137 (9), 
119 (5), 105 (5), 91 (3), 75 (14). 
 
Elemental Analysis: 
Anal. Calcd for C13H20O4S: C, 57.33; H, 7.40. Found: C, 57.07; H, 7.19. 
 
5.13 Synthesis of α,β-substituted γ-nitro and γ-amino isopropyl sulfonates 
 
5.13.1 Isopropyl (1R,2R)-2-nitromethyl-1-phenylbutane sulfonate [(R,R)-128a] 
 
i-PrO3S
Et
NO2
 
 
According to GP 11, the Michael adduct (R,R)-123a (510 mg, 1.0 mmol) was refluxed in a 
solution of 2% TFA/EtOH (18 mL) and H2O (2 mL) for 15 h. After removal of the solvent in 
vacuo, a solution of the crude sulfonic acid and triisopropylorthoformate (0.8 mL, 5 mmol) in 
dichloromethane (10 mL) was refluxed for 3 h. The crude product was purified by column 
chromatography (SiO2, Et2O/n-pentane, 1:9) to give (R,R)-128a as a colorless viscous liquid. 
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Yield:                                 262 mg           (84%)                                           
TLC:                                  Rf = 0.44        (Et2O/pentane 1:2)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ds value of the Michael adduct) 
Optical rotation:               [α] 22D  = +29.5 (c 1.0, CHCl3)     
 
IR (film): ν%  = 2980 (m), 2940 (m), 2882 (m), 1555 (s), 1497 (m), 1459 (m), 1354 (s), 1170 (s), 
1093 (m), 912 (s), 755 (m), 704 (m), 605 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.88 (t, J = 7.4 Hz, 3H, CH2CH3), 1.03 (d, J = 6.2 Hz, 3H, 
OCH(CH3)CH3), 1.23 (m, 1H, CHCHHCH3), 1.29 (d, J = 6.2 Hz, 3H, OCH(CH3)CH3), 1.67 
(dqd, J = 3.7, 7.4, 14.6 Hz, 1H, CHCHHCH3), 3.08 (m, 1H, CHCH2NO2), 4.47 (d, J = 8.7 Hz, 
1H, ArCHSO3), 4.66 [sept, J = 6.2 Hz, 1H, CH(CH3)2], 4.72 (dd, J = 5.9, 14.1 Hz, 1H, 
CHHNO2), 4.80 (dd, J = 6.2, 14.1 Hz, 1H, CHHNO2), 7.38-7.48 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 10.1 (CH2CH3), 21.4 (CH2CH3), 22.2, 23.4 [CH(CH3)2], 
39.8 (CHCH2NO2), 68.1 (CHSO3), 75.0 (CH2NO2), 79.3 (SO3CH), 129.1, 129.4, 129.9 
(ArCH), 131.4 (ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 316 (1) [M++1], 302 (3), 274 (18), 220 (2), 192 (100), 
145 (18), 91 (1). 
 
Elemental Analysis: 
Anal. Calcd for C14H21NO5S: C, 53.32; H, 6.71; N, 4.44. Found: C, 53.06; H, 6.74; N, 4.71. 
 
5.13.2 Isopropyl (1R,2R)-2-nitromethyl-1-phenylpentane sulfonate [(R,R)-128b] 
 
i-PrO3S
n-Pr
NO2
 
 
According to GP 11, the Michael adduct (R,R)-123b (500 mg, 1.0 mmol) was refluxed in a 
solution of 2% TFA/EtOH (18 mL) and H2O (2 mL) for 15 h. After removal of the solvent in 
vacuo, a solution of the crude sulfonic acid and triisopropylorthoformate (0.8 mL, 5 mmol) in 
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dichloromethane (10 mL) was refluxed for 3 h. The crude product was purified by column 
chromatography (SiO2, Et2O/n-pentane, 15:85) to give (R,R)-128b as a colorless solid. 
 
Yield:                                 234 mg             (75%)                                           
Melting point:                   mp = 44 ºC   
TLC:                                  Rf = 0.48        (Et2O/pentane 1:2)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ds value of the Michael adduct) 
Optical rotation:               [α] 23D  = +13.3 (c 1.0, CHCl3)     
 
IR (KBr): ν%  = 3036 (m), 2970 (m), 2937 (m), 2876 (m), 1552 (s), 1455 (m), 1386 (s), 1355 
(s), 1325 (s), 1224 (m), 1161 (s), 1089 (m), 909 (s), 736 (m), 701 (s), 632 (s), 555 (m) cm-1. 
 
1H NMR (400 MHz, CDCl3): δ = 0.82 (t, J = 7.3 Hz, 3H, CH2CH3), 1.04 (d, J = 6.3 Hz, 3H, 
OCH(CH3)CH3), 1.20 (m, 1H, CHCHHCH2CH3), 1.20-1.39 (m, 2H, CH2CH3), 1.30 (d, J = 
6.0 Hz, 3H, OCH(CH3)CH3), 1.60 (m, 1H, CHCHHCH2CH3), 3.10 (m, 1H, CHCH2NO2), 
4.49 (d, J = 8.0 Hz, 1H, ArCHSO3), 4.62 (dd, J = 6.3, 14.0 Hz, 1H, CHHNO2), 4.67 [sept, J = 
6.3 Hz, 1H, CH(CH3)2], 4.78 (dd, J = 5.5, 14.0 Hz, 1H, CHHNO2), 7.39-7.46 (m, 5H, ArH) 
ppm. 
 
13C NMR (100 MHz, CDCl3): δ = 13.7 (CH2CH3), 19.2 (CH2CH3), 22.2, 23.4 [CH(CH3)2], 
30.3 (CH2CH2CH3), 38.4 (CHCH2NO2), 68.1 (CHSO3), 76.9 (CH2NO2), 79.0 (SO3CH), 128.8, 
129.2, 129.7 (ArCH), 131.0 (ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 330 (1) [M++1], 316 (2), 288 (11), 206 (100), 159 (22), 
117 (2), 91 (1). 
 
Elemental Analysis: 
Anal. Calcd for C15H23NO5S: C, 54.69; H, 7.04; N, 4.25. Found: C, 54.90; H, 7.13; N, 4.24. 
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5.13.3 Isopropyl (1R,2R)-2-nitromethyl-3-methyl-1-phenylbutane sulfonate [(R,R)-128c] 
 
i-PrO3S
i-Pr
NO2
 
 
According to GP 11, the Michael adduct (R,R)-123c (530 mg, 1.0 mmol) was refluxed in a 
solution of 2% TFA/EtOH (18 mL) and H2O (2 mL) for 15 h. After removal of the solvent in 
vacuo, a solution of the crude sulfonic acid and triisopropylorthoformate (0.8 mL, 5 mmol) in 
dichloromethane (10 mL) was refluxed for 3 h. The crude product was purified by column 
chromatography (SiO2, Et2O/n-pentane, 1:4) to give (R,R)-128c as a colorless solid. 
 
Yield:                                 141 mg             (43%)                                           
Melting point:                   mp = 101 ºC   
TLC:                                  Rf = 0.34        (Et2O/pentane 1:2)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
Enantiomeric excess:        ee ≥ 98%        (based on the ds value of the Michael adduct) 
Optical rotation:               [α] 24D  = +33.7 (c 1.1, CHCl3)     
 
IR (KBr): ν%  = 3066 (w), 2965 (m), 1565 (s), 1499 (w), 1460 (m), 1427 (w), 1386 (m), 1349 
(s), 1333 (s), 1167 (s), 1091 (m), 916 (s), 707 (m), 601 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.65, 0.95 [each d, J = 6.9 Hz, 3H, CH(CH3)2], 1.02, 1.28 
[each d, J = 6.4 and 6.2 Hz resp., 3H, SO3CH(CH3)2],  1.81 (m, 1H, CHCH(CH3)2], 3.33 (m, 
1H, CHCH2NO2), 4.29 (d, J = 9.9 Hz, 1H, ArCHSO3), 4.54-4.68 [m, 2H, SO3CH(CH3)2 and 
CHHNO2], 5.03 (dd, J = 5.0, 14.8 Hz, 1H, CHHNO2), 7.39-7.49 (m, 5H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 16.0, 20.6 [CH(CH3)2], 22.2, 23.4 [SO3CH(CH3)2], 28.1 
[CH(CH3)2],  42.9 (CHCH2NO2), 68.8 (CHSO3), 73.4 (CH2NO2), 79.1 (SO3CH), 129.0, 129.3, 
129.7 (ArCH), 132.3 (ArC) ppm. 
 
MS (CI, 100 eV, methane): m/z (%) = 330 (24) [M++1], 316 (2), 288 (48), 206 (100), 159 (14), 
117 (2), 91 (2). 
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Elemental Analysis: 
Anal. Calcd for C15H23NO5S: C, 54.69; H, 7.04; N, 4.25. Found: C, 54.63; H, 7.15; N, 4.34. 
 
5.13.4 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (1R,2R)-2-aminomethyl-3-methyl-1-
phenylbutane sulfonate [(R,R)-129] 
 
O
OS
O
H3C
H3C
CH3
CH3
O
O
O
O
O
NH2
CH3
H3C
 
 
The Michael adduct (R,R)-123c (285.4 mg, 0.54 mmol) was dissolved in MeOH/THF (1:1, 20 
mL) and cooled to 0°C. Pd/C (46.0 mg) was first added and then NaBH4 (117.9 mg) in one 
shot. The flask was immediately sealed with a greased glass joint. The solution was stirred at 
0°C for 3 h after which the catalyst was filtered off and washed with methanol. The solution 
was taken into H2O and CH2Cl2. After partitioning, the aq. phase was extracted 4 times with 
CH2Cl2. The combined org. layers were dried and evaporated. The crude product was purified 
via column chromatography (diethyl ether/pentane 1:1 –1:0) to give the amine (R,R)-129. 
 
Yield:                                 205.5 mg        (76%)                                           
TLC:                                  Rf = 0.45        (Et2O)  
Diastereomeric excess:     de ≥ 98%       (1H NMR) 
 
IR (KBr): ν%  = 3475 (m), 2987 (s), 2964 (s), 1637 (w), 1498 (m), 1458 (m), 1376 (s), 1260 (m), 
1220 (s), 1169 (s), 1120 (m), 1018 (s), 931 (m), 847 (s), 843 (s), 703 (m), 596 (m), 515 (m) 
cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.39, 1.01 [each d, J = 6.9, 7.1 Hz, resp., 3H, CH(CH3)2], 
1.35, 1.37, 1.48, 1.57 [each s, 3H, (O)2C(CH3)2], 2.00 [m, 1H, CH(CH3)2], 2.65 (m, 1H, 
CHCH2NH2), 3.00 (dd, J = 8.5, 13.2 Hz, 1H, CHCHHNH2), 3.18 (dd, J = 3.0, 13.2 Hz, 1H, 
CHCHHNH2), 3.92 (dd, J = 6.6, 8.5 Hz, 1H, CHHOC), 4.04 (dd, J = 6.9, 8.5 Hz, 1H, 
CHHOC), 4.20 [dd, J = 3.6, 8.5 Hz, 1H, CH(OC)CH(OC)CH2O], 4.31 [m, 2H, 
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CH(OC)CH(OC)2 and CH(OC)CH2O], 4.72 (dd, J = 4.7, 8.8 Hz, 1H, CHOSO2), 4.79 (d, J = 
6.6 Hz, 1H, ArCHSO3), 5.72 [d, J = 3.9 Hz, 1H, CH(OC)2], 7.35-7.42 (m, 3H, ArH), 7.43-
7.50 (m, 2H, ArH) ppm.  
 
13C NMR (75 MHz, CDCl3): δ = 15.3, 22.1 [CH(CH3)2], 25.2, 26.2, (CH3), 26.6 (three peaks 
merged) [2 x CH3 and CH(CH3)2], 42.2 (CHCH2NH2), 50.7 (CH2NH2), 64.9 (CH2OC), 69.5 
(CHSO3), 74.5, 76.8, 77.1, 77.6 (CHO), 103.5 [CH(OC)2], 110.1, 113.8 [(O)2C(CH3)2], 128.8, 
128.9, 129.9 (ArCH), 131.9 (ArC) ppm.  
 
MS (EI, 70 eV): m/z (%) = 550 (40) [M++1], 484 (8), 457 (10), 393 (4), 309 (3), 274 (9), 245 
(13), 191 (100), 146 (98), 131 (33), 100 (39), 85 (13), 46 (35). 
 
5.13.5 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (1R,2R)-2-benzylcarbonylamino-
methyl-3-methyl-1-phenylbutane sulfonate [(R,R)-130] 
  
O
OS
O
H3C
H3C
CH3
CH3
O
O
O
O
O
NHCbz
CH3
H3C
 
 
The amino sulfonate (R,R)-129 (220 mg, 0.44 mmol) was dissolved in a mixture of CH2Cl2 
and H2O (9:1, 10 mL) after which CbzCl  (0.22 mL, 1.5 mmol) and K2CO3 (410 mg, 3 mmol) 
were added. The reaction mixture was vigorously stirred at room temperature for 16 h.  After 
separation of the organic layer the aqueous phase was extracted with CH2Cl2. The combined 
organic layers were washed with water, brine and dried with MgSO4. The solvent was 
evaporated under reduced pressure and the crude product was purified by flash column 
chromatography (SiO2, diethyl ether/n-pentane 2:3) to give the products 130 and 131 as 
colorless solids. 
 
Yield:                                 150 mg             (56%)                                           
TLC:                                  Rf = 0.40        (Et2O/pentane 2:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
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Optical rotation:               [α] 24D  = +40.3 (c 1.4, CHCl3)     
 
IR (KBr): ν%  = 3411 (s), 2983 (s), 1706 (s), 1500 (m), 1457 (m), 1374 (s), 1222 (s), 1170 (s), 
1120 (m), 1083 (m), 1017 (s), 875 (m), 841 (m), 757 (m), 702 (s), 602 (m), 516 (m) cm-1. 
 
1H NMR (400 MHz, CDCl3): δ = 0.14, 1.02 [each d, J = 6.9, 7.1 Hz, resp., 3H, CH(CH3)2], 
1.28, 1.35, 1.47, 1.57 [each s, 3H, (O)2C(CH3)2], 2.28 [m, 1H, CH(CH3)2], 2.84 (m, 1H, 
CHCH2N), 3.35 (dd, J = 3.3, 14.0 Hz, 1H, CHCHHN), 3.85 (dd, J = 11.3, 14.0 Hz, 1H, 
CHCHHN), 3.89 (dd, J = 6.3, 8.5 Hz, 1H, CHHOC), 4.01 (dd, J = 6.9, 8.5 Hz, 1H, CHHOC), 
4.19 [dd, J = 3.6, 8.8 Hz, 1H, CH(OC)CH(OC)CH2O], 4.33 [m, 2H, CH(OC)CH(OC)2 and 
CH(OC)CH2O], 4.47 (d, J = 3.3 Hz, 1H, ArCHSO3), 4.72 (dd, J = 4.7, 8.8 Hz, 1H, CHOSO2), 
5.25 (s, 2H, CO2CH2Ph), 5.67 [d, J = 3.8 Hz, 1H, CH(OC)2], 7.30-7.46 (m, 8H, ArH), 7.50 
(app. d, J = 6.9 Hz, 2H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 16.2, 22.7 [CH(CH3)2], 25.0 (CH3), 25.6 [CH(CH3)2], 26.1, 
26.3, 26.4 (CH3), 41.5 (CHCH2N),  48.4 (CH2N), 64.7 (CH2OC), 68.2 (CH2Ph), 68.5 
(CHSO3), 74.3, 76.6 (two peaks merged), 77.5 (CHO), 103.4 [CH(OC)2], 110.0, 114.2 
[(O)2C(CH3)2], 128.4, 128.5, 128.7, 128.8, 129.5 (ArCH), 130.3, 135.5 (ArC), 158.1 (C=O) 
ppm.  
 
MS (CI, 100 eV, isobutane): m/z (%) = 592 (2) [M+−27], 390 (15), 346 (17), 326 (11), 221 
(59), 203 (66), 163 (100), 147 (14), 91 (12). 
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5.13.6 1,2:5,6-di-O-Isopropylidene-α-D-allofuranose (1R,2R)-2-(di-benzylcarbonyl-
aminomethyl)-3-methyl-1-phenylbutane sulfonate [(R,R)-131] 
 
O
OS
O
H3C
H3C
CH3
CH3
O
O
O
O
O
N(Cbz)2
CH3
H3C
 
 
Yield:                                 120 mg           (36%)                                           
TLC:                                  Rf = 0.58        (Et2O/pentane 2:1)  
Diastereomeric excess:     de ≥ 98%        (1H NMR) 
 
IR (KBr): ν%  = 2985 (s), 1791 (s), 1731 (s), 1499 (m), 1458 (m), 1375 (s), 1210 (s), 1170 (s), 
1117 (m), 1019 (s), 873 (m), 842 (m), 753 (m), 700 (s), 591 (m), 513 (m) cm-1. 
 
1H NMR (400 MHz, CDCl3): δ = 0.40, 0.95 [each d, J = 6.9, 7.2 Hz, resp., 3H, CH(CH3)2], 
1.27, 1.32, 1.42, 1.48 [each s, 3H, (O)2C(CH3)2], 2.16 [m, 1H, CH(CH3)2], 2.80 (br s, 1H, 
CHCH2N), 3.85 [m, 3H, CHCH2N and CHHOC], 3.95 (dd, J = 6.9, 8.5 Hz, 1H, CHHOC), 
4.10 [br dd, J = 3.3, 8.8 Hz, 2H, CH(OC)CH(OC)CH2O and CH(OC)CH(OC)2], 4.24 [dt, J = 
3.3, 6.6 Hz, 1H, CH(OC)CH2O], 4.64 (dd, J = 4.7, 8.8 Hz, 1H, CHOSO2), 4.69 (br s, 1H, 
ArCHSO3), 5.21 (d, J = 9.3 Hz, 2H, CO2CH2Ph), 5.26 (s, 2H, CO2CH2Ph), 5.65 [d, J = 3.9 Hz, 
1H, CH(OC)2], 7.28-7.39 (m, 13H, ArH), 7.48 (app. d, J = 7.1 Hz, 2H, ArH) ppm.  
 
13C NMR (100 MHz, CDCl3): δ = 16.9, 21.5 [CH(CH3)2], 25.2, 26.1 (CH3), 26.5 (three peaks 
merged) [2 x CH3 and CH(CH3)2], 42.3 (CHCH2N),  48.2 (CH2N), 64.7 (CH2OC), 68.3  
(CHSO3), 68.5, 71.3 (CH2Ph), 74.2, 76.5, 76.9, 77.4 (CHO), 103.4 [CH(OC)2], 109.8, 113.3 
[(O)2C(CH3)2], 127.9, 128.2, 128.4, 128.48, 128.5, 128.7, 128.8, 130.0 (ArCH), 131.2, 134.0, 
135.0 (ArC), 153.9, 155.6 (C=O) ppm.  
 
MS (CI, 100 eV, isobutane): m/z (%) = 726 (1) [M+−27], 496 (10), 460 (6), 337 (36), 326 (68), 
308 (12), 282 (17), 261 (21), 243 (25), 203 (100), 181 (50), 147 (95), 107 (31), 91 (70). 
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5.13.7 Isopropyl (1R,2R)-2-benzylcarbonylaminomethyl-3-methyl-1-phenylbutane sul-
fonate [(R,R)-132] 
 
SO3i-Pr
i-Pr
NHCbz
 
 
A mixture of the sulfonate (R,R)-130 (78 mg, 0.13 mmol) in a solution of 2% TFA/EtOH (10 
mL) was refluxed for 16 h. After removal of the solvent in vacuo, the crude sulfonic acid was 
dissolved in dichloromethane (5 mL) and triisopropylorthoformate (0.5 mL, 3 mmol) was 
added. The mixture was refluxed for 3 h. The solvent was evaporated under reduced pressure 
and the crude product was purified by flash column chromatography (SiO2, Et2O/n-pentane 
3:7) to give (R,R)-132 as a colorless viscous liquid. 
 
Yield:                                 26 mg             (57%)                                           
TLC:                                  Rf = 0.33        (Et2O/pentane 1:1)  
Diastereomeric excess:     de ≥ 98%       (1H NMR) 
Optical rotation:               [α] 24D  = +0.6  (c 0.8, CHCl3)     
 
IR (CHCl3): ν%  = 3254 (w), 3025 (m), 2965 (m), 1702 (s), 1498 (w), 1457 (m), 1349 (m), 1220 
(m), 1168 (m), 1092 (m), 915 (s), 884 (m), 758 (s), 702 (m), 607 (m) cm-1. 
 
1H NMR (300 MHz, CDCl3): δ = 0.34, 0.98 [each d, J = 6.9 Hz, 3H, CH(CH3)2], 0.97, 1.21 
[each d, J = 6.2 Hz, 3H, SO3CH(CH3)2], 2.04 (m, 1H, CHCH(CH3)2], 2.85 (m, 1H, 
CHCH2NO2), 3.60 (dd, J = 3.7, 14.3 Hz, 1H, CHHNH), 3.83 (dd, J = 10.1, 14.3 Hz, 1H, 
CHHNH), 4.35 (d, J = 5.4 Hz, 1H, ArCHSO3), 4.64 [sept, J = 6.2 Hz, 1H, SO3CH(CH3)2], 
5.26 (d, J = 2.2 Hz, 2H, CO2CH2Ph), 7.28-7.46 (m, 10H, ArH) ppm. 
 
13C NMR (75 MHz, CDCl3): δ = 16.2, 22.1, 22.3, 23.3 (CH3), 26.7 [CH(CH3)2],  41.9 
(CHCH2NH), 49.1 (CH2NH), 68.1 (CH2Ph), 68.7 (CHSO3), 78.6 (OCH(CH3)2), 128.3, 128.4, 
128.6, 128.7, 128.8, 129.8 (ArCH), 132.3, 135.9 (ArC), 157.6 (C=O) ppm. 
 
MS (EI, 70 eV): m/z (%) = 281 (2) [M+−80], 262 (4), 172 (25), 156 (11), 146 (26), 131 (59), 
91 (100), 77 (22), 64 (24), 48 (20). 
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5.14 X-ray data 
 
5.14.1 X-ray crystallographic study of (3R,5R)-5-methyl-3-phenyl-1,2-oxathiolane 2,2-
dioxide [(R,R)-105a] 
 
 
 
Suitable crystals were obtained by recrystallization from 2-propanol. The compound 
(C10H12O3S; Mr = 212.27) crystallizes in orthorhombic space group P212121 (No.19) with cell 
dimensions a = 5.9209(7), b = 11.219(3), and c = 15.264(2) Å. A cell volume of V = 
1013.9(3) Å3 and Z = 4 results in a calculated density of dcalcd. = 1.391 g·cm-3. 4090 reflections 
have been collected at T = 150 K on an ENRAF-NONIUS CAD4 diffractometer employing 
graphite-monochromated Cu-K -radiation (  = 1.54179 Å) in the /2  mode. Data collection 
covered the range -7 h 7, -13 k 13, and -14  l 14 up to max. = 72.8°. Lorentz and 
polarization corrections have been applied to the diffraction data but no absorption correction 
(  = 2.678 mm-1) The structure has been solved by direct methods as implemented in the 
Xtal3.7 suite of crystallographic routines where GENSIN has been used to generate the 
structure-invariant relationships and GENTAN for the general tangent phasing procedure. 
1848 observed reflections [I > 2 (I)] have been included in the final full-matrix least-squares 
refinement on F involving 127 parameters and converging at R(Rw) = 0.067(0.077, w = 2), a 
final shift/error < 0.0003, S = 3.544, and a residual electron density of -1.37/0.95 e·Å-3. Xabs. = 
-0.05(5) for the structure shown in Figure 15. Most of the hydrogen positions have been 
calculated. Their isotropic displacement parameters have been fixed at 1.5 times the value of 
the relevant heavy atom. All hydrogen parameters have been kept fixed in the refinement. 
The crystal structure of 105a has been deposited as supplementary publication no. CCDC-
205259 at the Cambridge Crystallographic Data Centre. These data can be obtained free of 
charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge Crystallographic 
Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: (internat.) +44-1223/336-033; 
E-mail: deposit@ccdc.cam.ac.uk]. 
O
O
O
S
Experimental section 
 170 
 
5.14.2 X-ray crystallographic study of sodium (1R,3S)-3-hydroxy-1-phenylbutane 
sulfonate [(R,S)-111] 
 
 
 
Suitable crystals were obtained by recrystallization from ethanol. The compound 
(C10H16O5.5SNa: Mr = 279.29) crystallizes in monoclinic space group C2 (Nr. 5) with cell 
dimensions of a = 14.019(3), b = 5.6250(11), c = 17.061(3) Å, and β = 110.097(3)º. A cell 
volume of V = 1263.4(4) Å3 and Z = 4 result in a calculated density of ρcalcd = 1.468 gcm-3. 
16500 reflections have been collected in the ω mode at T = 298 K on an Bruker SMART 
APEX CCD diffractometer employing MoKα-radiation (λ = 0.71073 Å). Data collection 
covered the range -18 ≤ h £ 18, -7 £ k £ 7, and -22 £ l £ 22 up to θmax = 28.29º; absorption 
correction with SADABS (µ = 0.301mm-1). The structure has been solved by direct methods 
as implemented in the Xtal3.7 suite of crystallographic routines where GENSIN has been used 
to generate the structure-invariant relationships and GENTAN for the general tangent phasing 
procedure. 1682 observed reflections [I>2σ(I)] have been included in the final full-matrix 
least-squares refinement on F involving 159 parameters and converging at R(Rw) = 0.031 
(0.041, w = 1/[σ2(F) + 0.0004F2]), S = 1.454, and a residual electron density of -0.17/0.33 eÅ-3. 
The absolute configuration has been determined using Flack’s method and a data set collected 
using CuKα radiation. Xabs = -0.022(55) for the structure shown in Figure 19. The hydrogen 
positions have been calculated in idealized positions. Their Us have been fixed at 1.5 times U 
of the relevant heavy atom, and no hydrogen parameters have been refined. The asymmetric 
unit contains 1.5 water molecules which explains deviations between the crystallographic and 
chemical formula and densities.  
The crystal structure of 111 has been deposited as supplementary publication no. CCDC 
227543 at the Cambridge Crystallographic Data Centre. Copies of the data can be obtained 
free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-
1223-336033; e-mail: deposit@ccdc.cam.ac.uk, or http//www.ccdc.cam.ac.uk). 
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